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DURING  the  infiuicy  of  the  "Gbou)oicai.  Magazine"  (18B4-66), 
the  new  year  was  appropriately  coramenoed  nritfa  a  eliort  article 
on  the  Past  and  Present  AepectB  of  Geology,  or  Geological  Progress. 
A*  the  SfAOAZisE  is  now  entering  upon  ite  "teens" — the  Third 
Volume  of  the  Second  Decade — and  has  attained  an  age  in  advance  of 
my  magazine  having  aimilar  objects,  it  miiy  not  be  out  of  pliice  to 
Rtum  to  the  early  plan,  and  oonuneace  the  volume  with  soma  re- 
flations apton  the  Science,  which  it  id  no  flattery  to  state  it  boa  been 
IWM  me^liiim  of  advancing'. 
The  increasing  interest  taken  in  the  snbject,  ie  indicnteil  by  the 
npid  angmenlation  in  the  number  of  Fellows  of  the  Geological 
ScKiety  of  London,  by  the  flourishing  state  of  the  Geologists'  Asso- 
cistion,  and  of  our  many  local  Geological  Societies  and  Natural 
History  Field  Clubs.  Another  happy  sign  is  the  increase  of  faith 
uul  decrease  of  prejudice  amongst  the  " non -scientific,"  in  the 
Antiquity  of  the  Earth  and  of  Man.  "And  oA  time  has  slipped  by," 
isys  Prof.  Huxley,  "  a  happy  change  has  come  over  Mr.  Darwin's 
critics.  The  mixture  of  ignorance  and  insolence  which,  at  first, 
characterized  a  large  proportion  of  the  attacks  with  which  he  was 
iseailed,  is  no  longer  the  sad  distinction  of  anti- Darwinian  criticism. 
Instead  of  abusive  nonsense,  which  merely  discredited  its  writers, 
we  read  essays,  which  are,  at  worst,  more  or  less  intelligent  and 
tppreciative." ' 

Attention  was  drawn  in  the  Magazine  for  Aagust,  1865,  to  the 
losses  sustained  by  Geologists,  through  the  death  of  those  who  had 
become  leaders  in  their  several  departments. 

Since  then  our  obituary  notices  record,  amongst  others,  the  name* 
of  Jukes,  Salter,  Murchison,  Sedgwick,  Phillips,  and  Lyell. — names 
which  include  the  most  distinguished  geologiste  that  have  been,  and 
whose  careers  are  hardly  likely  to  find  in  the  futurd  an  equally 
brilliant  counterpart.  But  although  Jukes  and  Salter  had  only 
reached  the  full  prime  of  life — the  same  cannot  be  said  of  Murchison, 
Sedgwick,  Phillips,  and  Lyell :  living  each  of  them  to  a  good  old 
aga,  they  saw  that  the  foundations  they  had  helped  to  lay  were 
enduring,  and  that  the  science,  which  in  their  early  days  was  little 
understood,  and  taught  by  few,  had  become  one  of  the  most  popular. 
Among  these  four  geologists,  it  would  seem  invidious  to  draw  com- 
■  Qoarterlj  Beriew,  Jnlr,  1871 ;  CritiiiiiM  and  AddtewM,  1ST3,  p.  261. 
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parisons.  Eacb'p^S  his  talent  well — but  the  works  of  Lyell,  being 
those  in  subjeot  and  in  language  which  commanded  the  largest 
audiences,  i&a^p  .naturally,  from  their  vwide  distribution  in  space,  be 
supposed  '(o  *.pe  those  which  will  ha  e  the  longest  duration  in  time. 
Considenp^'Kow  he,  more  than  any  other  man,  has  contributed  to 
the  ad^vancement  of  Geology,  partly  by  original  observation,  although 
more  by  generalization  from  the  facts  collected  by  others,  it  does 
seeii- strange  that  we  should  read  in  the  **  Edinburgh  Review  "  for 
'July,  1875,  "  that  it  may  be  affirmed  that  his  chief  characteristios 
'-lij'ere  those  of  a  retiring  student,"  and  that  "  the  share  which  he  had 
\' '/in  the  classification  of  the  Tertiary  rocks  constitutes  his  principal 
;. "-  claim  to  be  remembered  by  posterity."  Were  it  not  for  the  high 
position  occupied  by  the  journal  in  which  these  statements  have 
been  made,  it  would  be  needless  to  criticize  them.  But  we  might 
well  ask, — "  Has  the  Reviewer  ever  *  thumbed '  many  pages  of  Lyell's 
Principles,  that  he  should  so  ignore  the  work  of  our  foremost  geo- 
logical teacher  ?  *' 

Tlio  final  results  of  Geological  inquiry,  apart  from  their  economic 
bearings,  are  to  picture  the  successive  changes  in  physical  geography 
that  have  taken  place.  No  one  has  taught  this  more  plainly  than 
Lyell.  The  science  truly  progresses  by  the  help  of  many  workers. 
Some  take  up  the  geology  of  their  immediate  neighbourhood,  and 
work  it  out  in  detail.  Some  pay  their  attention  to  particular  strata, 
tracing  them  over  large  areas,  and  working  out  their  history.  Some 
devote  themselves  to  physical  geology  and  geography,  and  work  out 
problems  connected  with  the  formation  of  rocks  and  the  changes  of 
climate  in  past  periods.  Others  occupy  themselves  in  indoor  study, 
determining  the  different  organic  remains  found  in  the  strata,  or  in- 
vestigating the  mineral  structure  of  rocks.  The  record  of  local 
facto  and  the  determination  and  description  of  fossils,  afford  the 
details  necessary  for  the  grand  deductions  of  Geology.  And  to 
appreciate  the  value  of  details  contributed  in  different  branches  of 
tho  science,  to  generalize  upon  them,  or  in  other  words  to  act  as  the 
architect  and  build  up  the  Geological  structure,  has  been  in  great 
part  the  work  of  Lyell.  As  observed  in  the  short  obituary  notice 
of  him  published  in  the  Geolooioal  Magazine  for  March,  1875, 
"It  is  in  the  character  of  historian  and  philosophical  expounder  of 
geological  thought  that  Lyell  has  achieved  so  much  for  our  science." 

And  it  is  the  grand  results  of  geological  research  that  are  the  most 
interesting  not  merely  to  the  world  at  large,  but  to  tho  geologist  himself. 

To  know  that  the  name  of  a  fossil  is  Thecachampsa  Squankenats, 
is  in  itself  of  no  interest,  unless  we  know  something  of  the  habits 
and  allies  of  the  creature ;  to  know  that  certain  rocks  in  Yesso  belong 
to  the  "Toshibets-Karafto  system  of  folds,"  is  again  of  no  interest, 
unless  we  know  something  of  the  natural  history  of  the  rocks  and 
tho  conditions  under  which  they  were  deposited ;  nor  could  many 
appreciate  a  "  Nepheline-nosean-phonolite  "  unless  they  knew  some- 
thing of  its  physical  or  chemical  history.  - 

If  the  geologist  wish,  now-a-days,  to  increase  the  general  stock  of 
knowledge,  he  cannot  study  in  detail  rock-formation  and  palsdon- 
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gy,  Btff  can  he  take  up  palieontolo^  as  a  whole ;  he  mast  derote 
nlf  partioalarly  to  one  or  other  of  the  great  classes  of  animaU, 

0  plants  whose  remaiiiB  are  preserved  to  us  in  a  fossil  state. 

"be  Ifstimotiy  of  a  man  who  would  undertake  to  name  a  collec- 
.  of  igneooa  roclcB,  and  at  the  same  time  undertake  the  idenliGca- 
i  of  a  series  of  fositil  bones,  ebells,  corals,  or  other  organic  re- 
ns,  would  be  received  with  a  eertain  amount  of  caation. 
lie  geologist  of  filly  years  ago  is  different  from  the  geologist  of 
[iiesent  day,  and  although  even  now  there  are  some  who  have 
td  lar^ly  to  our  knowledge  on  taany  branohee  of  geological 
airy,  their  number  is  limited.  Geolo^sts  should  be  acquainted 
h  ^1  branches  of  their  Bcience,  and  indeed  possessed  of  the  lead- 
facts  in  other  branches  of  inquiry,  but  they  cannot  expect  to 
ome  aalhorities  in  more  than  one  detailed  subjeot.  As  an  illas- 
:ion,  one  ivould  he  surprised  to  hear  that  Prof.  Bamsay  was  about 
describe  a  new  species  of  fossil  bird,  or  that  Prof.  Huiley  had 
cidated  the  stratigrikphical  relations  of  the  Devonian  rocks;  that 
if.  Prestivich  would  report  on  the  affinities  of  Groptolites,  or 
t  Mr.  Etberidge  bad  undertaken  the  microscopical  examination 
igneous  rocka.  And  yet  each  one  would  naturally  be  acquainted 
h  the  general  results  of  study  in  each  department  of  Geology, 
[he  literature  of  the  science  is  such  a  vast  subject  that,  before 
iag  to  itt  aoB  must  neoessarily  leani  what  has  been  previously 
le,  and  irbelher  one  is  in  pOBsesuou  of  any  facts  not  made  public, 
af  any  expIaaatioDB  or  theories  not  previously  snggestAd.  To 
dy  the  literature  of  all  branches  of  geological  and  paleontolt^cal 
ewdi  would  indeed  be  a  Herculean  task. 

tt  is  tme  that  our  standard  manuals  and  text-books  put  us  in 
MMion  of  the  leading  facta  and  oonclnsions,  but  our  magazines 
IjonmalB  are  ever  increasing  the  number  of  facts  and  of  observers. 
Im  Btndy  of  rook-formation  and  of  ptdteontology  is  one  requiring 
itowledge  of  all  that  has  been  done,  and  is  being  done,  in  ail  parts 
the  world. 

Ihe  "Geological  Becord"  may  be  looked  upon  as  a  sign  of  the 
M^  the  first  volume  being  a  classified  list  with  short  abstracts  of 
papers,  etc.,  relating  to  Geology,  Mineralogy,  and  Pal  Deontology, 
biiued  during  the  year  1874.  Geologists  will  be  greatly  indebted 
Mr.  'Whitaker,  who  has  edited  this  work,  and  has  also  prepared 
reral  hxial  lists  of  papers,  etc,  referring  to  the  Geology  of  England 

1  Wales. 

A  reference  to  the  Qeologtcal  Becord  will  show  how  many,  often 
portant,  papers  are  little  known,  owing  to  their  being  published  in 
ne  local  journal  not  readily  accesstUe.  Our  Field  Clubs  and 
lural  History  Societies  contain  much  valuable  information  that  is 
i  to  be  thus  lost  sight  of. 

He  original  work  of  the  present  day  must  necessarily  be  of  a 
lie  detailed  nature  than  that  of  former  years.  As  Buckland  truly 
nrved,  "  Where  the  earlier  geologists  traversed  miles,  we  must  now- 
lays  be  oontent  to  map  yards."    And  this  is  very  apparent  when 
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we  come  to  study  the  connexion  between  PalsDontology  and  Strati- 
graphy. The  collection  of  fossils,  except  for  purely  zoological  pur- 
poses, is  of  little  geological  value  unless  the  precise  horizon  is  known, 
or  the  locality  and  rock  described  with  sufficient  minuteness  to  enable 
its  stratigraphical  position  to  be  afterwards  determined.  For  in- 
stance, such  localities  as  "Devonian,  Torquay;"  "Devonian,  Newton 
Bushel,"  are  of  very  little  geological  value  when  the  horizon  and 
character  of  the  rock  are  not  indicated.  The  stratigraphical  relations 
of  tlie  Devonian  rocks  have  not  yet  been  made  out  in  detail ;  and 
until  this  is  done,  and  it  is  a  labour  of  many  years,  the  succession 
of  life-forms  cannot  be  thoroughly  depended  upon,  nor  can  the  fossils 
be  rightly  used  for  identifying  particular  horizons  in  obscure  tracts 
of  ground. 

Upon  the  geologist  resident  at  or  near  spots  where  fossils  can  be 
obtained,  the  important  work  of  collecting  would  devolve ;  and  it  is 
only  necessary  to  mention  the  unrivalled  private  collections  of  Mr. 
J.  E.  Lee,  of  Torquay,  or  Mr.  Vicary,  of  Exeter,  to  sTiow  how  much  may 
bo  done  in  this  way.  Nor  should  we  fail  to  estimate  highly  the 
pala?ontological  labours  of  Phillips,  Etheridge,  T.  M.  Hall,  and  others, 
who  have  by  their  combined  work  rendered  our  knowledge  of  the 
Devonian  fauna  very  complete  ;  but,  (as  in  the  work  of  Phillips),  the 
precise  horizons  of  all  the  fossils  which  swell  our  lists  are  not  indicated, 
nor  can  they  be  determined  until  the  stratigraphical  relations  of  the 
rocks  are  made  out  in  detail  in  West  Somerset,  Devon,  and  Cornwall. 

Time,  save  to  the  professional  geologist  or  man  of  fortune,  is  fre- 
quently very  limited,  at  any  rate  for  field-work,  but  for  this  reason 
the  observations  made  on  geological  excursions  and  holiday  trips  are 
by  no  means  to  be  despised.  And  in  this  direction  the  Geologists' 
Association  deserves  the  highest  praise  for  carrying  out  such  an 
excellent  annual  series  of  both  long  and  short  geological  excursions. 

There  are  many  points  needing  corroboration,  and  many  facts  to  be 
gathered,  in  which  a  month  or  six  weeks'  holiday  may  be  profitably 
spent,  and  even  far  shorter  periods.  But  geological  excursions,  when 
several  meet  together,  are  very  often,  and  rightly,  rather  times  of 
relaxation  than  of  actual  work.  Geologists,  whose  special  studies 
perhaps  lie  in  different  directions,  meet :  the  actual  details  of  sections 
visited  are  in  themselves  perhaps  interesting  to  but  a  few;  and  hence 
on  field-excursions,  there  are  many  individuals  who  come  under  the 
designation  of  "bread  and  cheese  naturalists."  They  come  out  for 
relaxation ;  and  fresh  air  and  novel  scenes  exhilamte,  and  lunch  is 
perhaps  particularly  enjoyed. 

In  these  days,  when  so  much  is  said  about  mental  strain  and  the 
hurry  of  life  in  the  struggle  for  existence,  the  relaxation  of  natural 
history  excursions  by  field  clubs  is  rather  to  bo  commended  than 
otherwise. 

And,  after  all,  the  "high-water  mark"  of  thought  (as  Prof.  Huxley 
puts  it)  consists  in  dealing  with  educational,  scientific,  and  philo- 
sophical subjects  in  a  broad,  general,  and  interesting  way,  so  that  one 
niaj  get  out  of  the  groove  in  which  one's  special  work  lies,  and 
afford  time  for  the  consideration  of  Bub^ects  \3aft  oviUiome  of  special 
irork  In  all  departmenta  of  Science. 


(» 
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n. COHTBIBtTTrONS  TO  THE   StUDT  OF  YOLCANOS. 

By  John  W.  Judd,  F.G.8. 

On  thx  Origin  of  Lake  Balaton  in  Hungaby. 

(PLATE  I.) 

Four  last  chapter*  we  referred  to  the  frequency  of  the  occurrence 
of  lakes  in  districts  which  contain  volcanos  that  are  still  active 
or  hive  only  recently  become  extinct.'  In  •  connexion  with  this  sub- 
ject, we  must  also  call  attention  to  the  interesting  circumstance  that, 
wherever  the  geologist  finds  evidence  of  the  former  action  of  sub- 
lerial  volcanos,  there  he  almost  invariably  detects  proofs  also,  that 
nnmerouB  lakes  have  been  formed  and  Successively  filled  up  with 
Bediments.  Very  strikingly  is  this  fact  illustrated  among  the  great 
leries  of  volcanic  rocks,  which,  during  a  great  portion  of  the  Tertiary 
period,  were  being  erupted  in  Central  and  Southern  Europe;  and 
which  form  an  almost  complete  girdle  surrounding,  but  lying  at  a 
considerable  distance  from,  the  great  central  masses  of  the  Alps. 
We  have  In  these  districts  the  most  unmistakable  palasontological 
evidence  that  the  periods  of  violent  volcanic  activity  were  also 
characterized  by  the  repeated  formation  and  filling  up  of  lake-basins. 
We  have  already  shown  how  a  study  of  the  features  presented 

1  S-'i'  Geol.  Mao.  1875,  Decade  II.  Vol.  II.  p.  349. 

-  It  ha*  been  suggested  to  me  by  my  friend  Mr.  Scrope  that  this  fact  of  the  very 
eo&'Ctant  connexion  between  volcanic  ;action  and  the  formation  of  lake-basins  would 
be  brought  out  very  clearly  and  impressively  by  an  estimate  of  the  number  of  lakes 
wbirh  at  pnnjent  exist  in  the  Auvergne,  t4)gethcr  with  those  which  have  in  very 
rrcent  time's  been  filled  up  with  allunum.  The  large  map  of  that  part  of  tlie 
Auvtrgne  included  within  the  Department  of  the  Puy  de  Dome,  prepared  l)y  the 
Afibe  \ai  Coq,  lends  itself  admirably  to  such  a  purpose,  and  I  have  obtained  from  it 
tbt  following  results.  The  area  of  the  Department  of  the  Puy  de  Dome  is  only  a 
little  greater  than  that  of  the  English  countv'  of  Lincoln,  yet  itm  surface  is  studfled 
"Ver  with  the  relics  of  no  less  than  276  lakes  and  lakelets.     These  may  be  classified 

m 

A.-  follows : 

1.  Crater  lakes,  either  still  existing  or  filled  up  with  sediments,  and 

clearly  formed  by  explosive  action .18 

2.  Lakes  formed  by  the  arrest  of  drainage  in  a  valley  by  the  flowing 

of  a  lava-stream  into  it,  or  b^'  the  throwing  up  of  volcanic  cones 

in  its  course        ..........       3 

3.  Lakes  hing  among  the  volcanic  rocks  and  due  either  to  the  irregular 

accumulation  of  volcanic  materials,  to  local  subsidences,  and  other 
changes  of  level  .         .         .         .         .         .         .         .         .81 

4.  Lakes  lying  in  similar  depressions  among  the  rocks  of  the  old  granitic 

plateau,  generally  in  the  lines  of  drainage,  and  owing  their  for- 
mation to  local  ctanges  of  level  in  this  formerly  violently  disturbed 
district       .         .         .         .         .         .         .        .         •        .         .174 


Total    .         .  276 

In  this  estimate  I  have  included  only  the  smaller  examples  of  lakes  of  very  recent 
date.  The  exact  limits  of  the  larger  ones  formed  in  the  great  river-valleys  of  the 
dihtrict  it  is  now  ver)'  difficult  to  define  ;  and  the  patches  of  la(;ustrine  sediment, 
^ling  innumerable  depressions  both  of  large  and  small  size,  of  older  date,  are  greatly 
f'l»(tired  by  later  formed  volcanic  products  or  have  been  to  a  very  great  extent 
removed  by  denudation.  I  need  only  add  that,  as  Le  Co(j  well  shows,  the  district  of 
tit  Auvergne  could  never  have  been' the  seat  of  powerful  glacial  erosion,  although 
the  perpetual  snow  which  may  have  clad  the  higher  parts  of  the  district  during  the 
<jiacial  Period  may  have  contributed  to  the  prescrvniioH,  though  not  to  the  forma- 
'»««,  of  the  lakes  in  question,  in  the  manner  pointed  out  in  this  paper. 
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by  the  great  oiroular  lakes  of  the  Italian  peninsula  leads  as  to  ilie 
inevitable  conclusion  that  they,  in  common  with  the  numerous 
similar  ones  of  smaller  dimensions,  owe  their  origin  to  the  direei 
explosive  action  of  volcanic  forces, — and  that  they  occupy,  in  feet, 
the  bottoms  of  vast  craters  which  have  been  formed  by  this  agency. 

But,  as  we  have  already  remarked,  it  is  not  by  such  direct  explo- 
sive action  alone  that  the  volcanic  forces  are  capable  of  originating 
those  depressions  in  the  surface  of  the  land  which  constitute  lake- 
basins.  Sometimes  an  ordinary  river- valley  may  have  a  part  of  its 
course  dammed  up,  either  by  the  flowing  of  a  stream  of  lava  across 
it  or  by  the  throwing  up  of  volcanic  cones  in  its  midst.  And  still 
more  striking  are  the  effects  produced  on  the  system  of  drainage  in 
a  district  by  the  subterranean  movements  which  so  constantly  pre- 
cede, accompany,  and  follow  the  outburst  of  volcanic  forces.  By 
this  agency  true  rock-basins,  often  of  vast  dimensions,  are  formed, — 
sometimes  by  local  subsidence,  at  others  in  consequence  of  inequali- 
ties of  movement  along  a  line  of  river- valley. 

It  would  perhaps  be  impossible  to  cite  any  clearer  or  more  striking 
illustration  of  the  formation  of  a  rock-basin,  capable  of  containing  a 
lake,,  by  the  subteiranean  auction  of  volcanic  forces,  than  that  of  Lake 
l^alaton  (or  the  Flatten  See,  as  it  is  called  by  the  Germans)  in 
Hungary. 

Among  all  the  beautiful  lakes  which  at  the  present  time  surround 
ihe  Alpine  system,  there  is  none  which  equals  in  size  Lake  Balaton. 
It  lias  a  length  of  about  50  miles,  and  a  breadth  varying  from  3  to  10 
miles,  its  area  being  no  less  than  420  square  miles.  Its  depth,  how- 
ever, unlike  that  of  many  of  the  Alpine  lakes,  is  not  very  consider- 
able, averaging  only  between  30  and  40  feet.  Lake  Balaton  is, 
nevertheless,  a  magnificent  sheet  of  water,  and  in  picturesque  beauty 
is  scarcely,  if  at  all,  inferior  to  any  of  the  more  famous  lakes  of 
Southern  Europe. 

In  certain  of  its  features,  however,  Lake  Balaton  presents  in- 
teresting points  of  contrast  with  the  Alpine  lakes,  and  to  these  it 
will  be  instructive  to  refer.  It  does  not  occupy,  like  them,  a  depres- 
sion in  one  of  the  great  valleys  radiating  from  the  Alps,  nor  has  it, 
indeed,  any  visible  natural  outlet.  A  number  of  more  or  less  con- 
siderable streams  flow  into  it ;  but  until  the  Eoman  emperor  Galerius 
constructed  a  canal  between  it  and  the  Sio,  a  tributary  of  the  Danube, 
the  waters  of  the  lake  had  no  communication  with  that  or  any  other 
river.  Nevertheless,  these  waters  are  almost  perfectly  fresh,  and 
exhibit  only  the  faintest  trace  of  saline  characters. 

It  is  clear  to  any  one  who  examines  Lake  Balaton  that  it  occupies 
a  true  rock-basin — that  is,  an  actual  depression  in  the  surface  of  the 
land — and  that  its  waters  are  not  merely  dammed  up  by  superficial 
accumulations.  The  rocks  which  inclose  it  are,  on  its  northern  side, 
of  Triassic  and  Bhastic  age,  and,  on  its  southern,  of  older  Neogene 
(Miocene)  date — the  latter  being  about  the  equivalents  in  time  of 
the  Molasse  of  Switzerland,  which  forms  the  shores  of  a  great  part  of 
the  Lake  of  Geneva  and  of  so  many  other  Alpine  lakes.  On  all 
s/des,  but  at  different  distances  from  it,  the  lake  ia  endxdftd  by  hills 


J.  If.  Jiidi — On  Vofcanos.  ? 

( toiifidei&ble  bat  Tarying  elevation,  the  bold  spurs  of  the  Bakony 
WiJd  coming  dowD  to  its  uortheni  shores ;  while  the  alluvial  flats  oC 

rit  Client  on  its  banks,  and  the  beaches  at  some  elevation  above 
surface,  testify  to  the  former  considerably  greater  extent  of  the 

Let  US  now  inquire  what  evidence  la  afforded  to  the  geologist, 
■ho  stadies  its  features,  concerning  the  mode  of  origin  oi  the 
~B»l  depression  in  the  earth's  surface  in  which  Lake  Balaton  lies- 

With  respect  to  that  agency  which  is  bo  confidently  appealed  to 
^  wveral  Scotch  geologist*  as  having  origiualed  tlia  gronter  poi-tion 
itf  the  rock-basins,  in  which  lakes  lie,^ — namely,  the  alleged  power  of 
ia|lacier  to  txeauale  a  deprestdou  in  the  earth's  surface, — it  will  only 
ti  neeeseary  to  mention  certain  facta  conoeniiug  the  ]iosition  and 
fatureB  of  Lake  Balalon,  to  demonstrate  the  utter  futility,  at  all 
■mita  in  this  case,  of  any  such  mode  of  explanation.  Not  only  does 
district  exhibit  none  of  the  usual  evidences  of  powerful  ice- 
ion,  but  it  is  quite  impossible  to  conceive  bow  such  action  could 
Ine  taken  place  here.  The  hills  of  the  Bskony  Wald,  lying  on  the 
soitb  of  the  lake,  are  certainly  not  of  sufBcient  extent  and  elevation 
to  have  <»nBtimted  the  gitlliering  ground  of  a  greiit  ghicier,  and  the 
only  poasiblfl  source  of  such  an  agent  must  therefore  be  sought  in 
the  more  distant  Alps.  Aaaumiiig  for  one  moment  that  there  existed 
daring  the  Glacial  Period  an  ice>river  of  sufficient  dimensions  to  have 
extended  Irom  the  Basteru  Alps  to  Lake  Balaton  (though  of  this  do 
proof  has,  BO  far  ae  I  am  aware,  been  ever  adduced) — such  a  glacier 
would  naturally  have  followed  the  valley  of  the  Mur  or  that  of  the 
Rub,  in  neither  of  which  do  great  lakes  exist,  and  could  not  have 
originated  Lake  Balaton,  which  lies  on  the  plateau  separating  the 
btnna  of  these  two  rivers.  For  an  Alpine  glacier  to  have  exca- 
vated the  bed  of  Lake  Balaton,  it  must  have  been  able  with  a  very 
■light  initial  descent — the  Eastern  spurs  of  the  Alps  having  a  com- 
paiatlvely  small  elevation  —  to  traverse  a  nearly  level  plain  100 
miles  in  width,  to  have  then  surmounted  a  group  of  hills  some  30 
miles  broad  and  from  1000  to  1200  feet  in  elevation,  and  after  all 
this  expenditure  of  force  to  have  retained  sufficient  energy  to  dig  in 
the  midst  of  solid  rocks  a  basin  of  vast  extent  In  short,  I^ke 
Balaton  lie«  exactly  in  that  position  which  is  of  all  others  the  least 
&vourabIe  that  it  is  possible  to  conceive  for  the  action  of  the  sup- 
posed excavating  power  of  a  glacier  from  the  Eastern  Alps  ;.  while 
the  points  at  which  the  erosive  action  of  such  a  glacier  would  natur- 
ally operate  with  greatest  effect  exhibit  no  traces  whatever  of  the 
formation  of  rook-baeins. 

But  in  the  case  of  Lake  Balaton  there  is  opportunely  furnished  to 
the  geol<%ist  a  means  of  applying  to  the  theory  of  ioe-erosion  a  crucial 
tetL 

Bight  in  the  midst  of  the  lake,  and  almost  dividing  it  into  two 
portions,  rises  the  peninsula  (once  an  island)  of  Tihany ;  this  is  a 
mass  of  considerable  elevation,  composed  for  the  most  part  of  loose 
bualtio  tu^  and  evidently  constituting  the  relics  of  an  old  volcanic 
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j.orir.e'y:s  volcanic  •-.■a: I -firsts  pr:in:s  :.>  ^I-.^  exis:cr..>?  -yl  a  line  of 
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depr':*sir.n  in  which  Lak^  Bala::n  lies  exjkotiv  ci.inciics  wi:h  this 
lin^j  of  volcanic  action. 


\\f:  have  alrcwly  Lad  occasion  to  r^fer  in  these  chAprers  to  the 

]f»rM  3iihftirjf:ric^j  which,  as  .km-^nstrate«.l  by  Darwin,  s*.^  frot|Uontly 

folIowH  the  ceMAation  or  aocTimpanies  the  dt-clino  ...f  vok-inio  aotivitv 

in  a  'liHfri^A;  and  which  is  so  admirably  ilhistrated  by  the  Lipari 

/♦/a////*  A/jd  BarjUjrin  among  recont  volcam.js,  and  bv  that  of  Mull 
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g  tlioee  of  more  ancient  date.     In  ench  a  subaidenco,  therefore,    ' 
eoognize  a  competent  and  obvious  cause  of  the  production  of 
rock-basin  oocnpied  by  Lake  Rulaton.     And  the  fact  of  fliich 
idence  is  confirmed,  as  in  the  analogoue  case  of  tbe  islnnd  of 
,  by  tte  exceptional  state  of  preservation  of  the  old  volcano 

'e  tbna  see  that  im  examination  of  tbo  phenomena  presented  by 
largest  of  all  the  lakes  id  sontbem  Europe  leads  us  to  ascribe 
irigin  to  the  subtenaaean  niovenients  that  have  accompanied 
uiic  action.  It  is  inteieating  to  notice  the  circumstance  that  by 
he  largest  lake  in  our  own  ialnnds  exhibits  the  clearest  proofs  of 
Dg  been  formed  by  the  same  ag«noy.  Some  years  ago,  whilo 
ying  the  basaltic  rocks  of  Antrim,  I  was  strongly  impressed  by 
conTiction  that  Lough  Neagh  must  clearly  have  been  formed  by 
lidenoe  taking  place  subsequently  fo  the  great  development  of 
■aic  acti^-ity  in  the  district ;  and  tbia  view  is  abundantly  con- 
ed, and  indeed  placed  bej-ond  the  poHsibility  of  dombt,  by  the 
ittLle  observations  made  by  Mr.  E.  T.  Hardman,  of  the  Geological 
rey  of  Ireland,  duriug  his  detailed  examination  of  the  district. 
L  communication  Iniii  before  the  British  Association  in  1874,  Mr. 
dman  shows  conclnsively  that  Longh  Neagh  (which  must  origin- 
have  had  an  area  nearly  twice  as  great  as  at  present)  existed 
re  fie  Gtaeial  Epoch  ;  and  that  a  series  of  post-Miocene  dislooa- 
a,  which  he  has  traced  during  his  survey,  would  lead  to  a  sab- 
noe  of  the  tract  occupied  by  l£e  lake. 

\ii.  the  very  remarkable  valley  of  the  Jordan  oconpied  by  the 
w  of  Herom,  Tiberias  and  Asphaltites  (Dead  Sea),  the  latter  of 
ok  is  1300  feet  below  the  Mediterranean,  is  an  ordinary  river, 
ey,  which  onoe  terminated  in  the  Qulf  of  Akabab,  but  in  the  line 
which  great  depression  has  taken  place,  seems  now  to  be  clearly 
ved  by  tlie  oEGcers  who  have  conducted  the  Ordnance  Survey  of 
Bstine.  And  there  appear  to  be  grounds  for  connecting  this  great 
reaaion,  which  was  once  oooupied  by  a  single  vast  lake,  with 
jsnic  action  in  the  district 

lie  three  examples  we  have  oited  represent  very  fairly  the  three 
icipal  types  of  lake-basins  which  exist  upon  the  earth — Balaton 
ig  an  example  of  a  vast  but  shallow  depression  without  natural 
et, — Lough  Keagh  a  smaller  bnt  deeper  lake  lying  in  a  system 
Irainage, — and  the  Jordan  gorge  a  depression  in  a  line  of  river- 
ey,  the  bottom  of  which  now  lies  far  below  the  sea^level. 
tut  in  ptirsning  this  line  of  reasoning  we  may  perhaps  go  one 
I  further.  The  interesting  accounts  that  have  recently  come  to 
d  of  the  explorations  of  Ur.  Stanley  in  equatorial  Africa  suggest 
probability  that  the  noble  lake  of  the  Victoria  Nyanze  (which 
1  fair  to  prove  a  rival  in  size  to  Lake  Superior  in  North  America, 
therefore  to  be  the  largest  sheet  of  fresh-water  in  the  world)'  may 
There  ii  itill  *ome  doubt  lemaining  a«  to  the  dimeanoni  of  the  Tictoiia  Xjuizb. 
[t.  Stuilejr'B  map  repreeeats  tbe  true  poiitionB  of  poinis  on  its  abores.  Iben  ths 
vmlrl  n^rtainlv  h«  fiinrflr  than  Xdke  Superior.  If,  however,  C&ptaoi  Speke'i 
'  id  lu  tbe  mors  sccarate,  u  Ui.  Eaicnriein 
teaboDt  one  nxtfaimalleithsiiAu^iiuinW^' 
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also  lie  in  a  basin  formed  by  voloanio  subsidence.  It  is  now  ap- 
parent that  this  lake  is  no  mere  marsh,  or  collection  of  lagoons,  as 
Houndings  near  its  sHoreB,  which  are  often  exceedingly  bold  and  even 
mountainous  in  character,  have  been  found  to  indicate  depths  up  to 
275  feet.  The  fact  of  the  existence  of  this  and  the  neighbouring 
lakes  immediately  under  the  equator  will  be  of  course  accepted  as 
proving  that  they,  equally  with  Loiigh  Neagh  and  Lake  £alaton, 
could  not  have  been  formed  by  the  agency  of  ice  during  the  glacial 
period.  On  the  other  hand,  the  frequent  mention  of  basaltic  rocks 
as  occurring  on  its  islands  and  shores,  and  the  report  of  the  existence 
of  a  number  of  active  volcanos  in  its  proximity,  at  least  suggest 
that  it  may  owe  its  origin  to  the  action  of  the  same  causes  which 
have  formed  the  lakes  in  question.  But  for  the  final  settlement  of 
this  question  we  must  await  the  arrival  of  fuller  details  concerning 
this  very  interesting  lake  district  of  Central  Africa. 

We  think  that  the  foregoing  remarks  will  be  accepted  by  all  as 
showing  that  rock-basins — even  those  of  the  very  largest  dimensions 
— may  have  had  their  origin  in  those  changes  of  level  resulting 
from  the  subterranean  movements  which  have  accompanied  volcanic 
action, — and  that,  as  a  matter  of  fact,  the  largest  lakes  in  the  British 
Islands  and  in  the  Alpine  regions  of  Europe,  respectively,  and  not 
improbably  the  vast  sheets  of  water  in  Central  Africa  also,  have  been 
BO  formed,  and  could  not  possibly  be  the  result  of  glacier-erosion. 

It  would  of  course  bo  very  easy  to  multiply  to  almost  any  extent 
tlie  examples  of  lakes  which,  like  those  of  Van,  Urumiah,  etc.,  in 
tlie  district  south  of  the  Caucasus,  are  clearly  connected  with  the 
outburst  of  volcanic  forces ;  or  of  others,  like  those  of  Nicaragua, 
Managua,  Maracaybo,  and  Titicaca,  etc.,  in  the  Equatorial  part  of 
the  American  continent,  which  no  one  can  dream  of  as  having 
been  formed  by  the  action  of  glaciers. 

It  may  here,  however,  be  necessary  to  point  out  that  our  argument 
lends  no  support  whatever  to  the  inference  that,  in  those  districts 
where  the  action  of  volcanic  forces  cannot  be  traced,  lake-basins 
must  be  the  result  of  other  tiian  subterranean  agencies.  On  the 
contrary,  we  maintain  that  movements,  precisely  similar  in  character 
to  those  which  take  place  in  volcanic  districts,  are  constantly  occurring 
on  every  part  of  the  earth's  surface.  It  is  probable,  indeed,  that  the 
movements  which  are  connected  with  volcanic  activity  are  often  of  a 
more  sudden  and  violent  character  than  those  which  take  place  in 
non-volcanic  distncts,  and  that  in  consequence  of  this  their  effects 
are  more  strikingly  manifest  to  us.  But  to  suppose  that  the 
permanent  effects  produced  in  tlie  case  of  the  former  are  necessarily 
greater  than  in  that  of  the  latter,  would  be  as  unphilosophical  as 
for  a  geologist  to  ascribe  to  sudden  floods  (the  effecta  of  which  strike 
the  most  casual  observer)  a  greater  share  in  the  excavation  of  valleys 
than  to  the  unobtrusive  but  constant  actions  of  atmospheric  waste 
and  ordinary  transport  by  streams. 

If  we  can  demonstrate,  in  the  first  place,  that  in  those  districts 
where  the  effects  of  subterranean  movement  are  most  readily  traced 
(namely  volcanic  areas)  rock-basins  have  ceitamVy  he^oxi  produced  by 
tb/s  agency;  and,  in  the  second  place,  that  inovenienXja  «m]X!k»x  m 
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Amoter  and  equal  in  extent  ooonr  in  other  diBtriots^  though  in  a 
■iBiier  wliioh  rendera  their  effeots  leai  capable  of  detection  by  ns, — 
OB  we  not  justified  in  aooepting  snob  movements  aa  oapable  of 
mlaiiiing  tube  formation  of  lake-basins  in  all  oases,  rather  thm 
kbaTing  xeoonrae  to  a  purely  hypothetioal  caase? 

And  if  fhiB  mode  of  viewing  the  subject  be  a  legitimate  one,  what 
Mson  oan  be  adduced  for  doubting  that  those  great  disturbing 
lioea^whicdi,  during  and  subsequently  to  the  Oligocene  and 
Miocene  periods,  have  given  rise  to  such  startling  results  in  the 
ooatortion  and  even  in  the  inversion  of  the  rocks  of  the  Alps,  but 
wbidi  at  the  same  time  have  produced  only  inconsiderable  effects  in 
fte  areas  immediately  surrounding  them — wnui  have  originated,  in 
diftvent  parts  of  the  great  lines  of  drainage  descending  from  those 
Doonteina,  sooh  inequalities  of  movement  as  could  not  fail  to  result 
in  the  formation  of  lake-basins?  Now  it  is  a  most  striking  and 
Bgnifioant  circomstanoe  that  a  careful  study  of  the  deposits  that 
were  formed  imtMdfMdn  em>und  Ae  Alpit^  System  during  the  periods 
of  most  violent  movement  leads  to  the  conclusion  that,  near  the 
limita  of  the  disturbed  and  unaffected  areas,  li&es  were  constantly 
being  formed  and  filled  up  with  sediments.  Nor  have  we  the 
smallest  grounds  for  inferring  that  such  movements  havo  altogether 
ceased,  and  could  have  played  no  part  in  the  origination  of  the 
existing  lakes  in  similar  positions ;  but,  on  the  contrary,  even  the 
BtOQtest  advocates  of  the  glacial  origin  of  these  lakes  admit  that  con- 
siderable movements  must  have  taken  place,  both  in  the  Alps  and 
elsewhere,  during  and  subsequently  to  the  Glacial  Period. 

This  is  the  view  of  the  mode  of  origin  of  the  great  Alpine  lakes 
which  was  maintained  by  the  late  Sir  Charles  Lyell,  and  which  has 
been  supported  by  the  critical  examination  of  a  number  of  special 
examples  by  the  Rev.  T.  G.  Bonney.  And  the  same  opinion  con- 
cerning the  formation  of  these  lakes  is  held  by  the  distinguished 
geologists  of  Germany,  Switzerland,  France  and  Italy,  who  during 
Uie  last  thirty  years  have  made  such  splendid  additions  to  our  know- 
ledge of  Alpine  geology ;  with  but  one  solitary  exception,  we  believe, 
all  the  geologists  who  have  especially  devoted  themselves  to  the  study 
of  these  regions  have  rejected  the  hypothesis  of  the  glacier-erosion 
of  the  lake- basins  as  both  unnecessary  and  inadequate. 

Of  the  various  facts  which  have  been  adduced  as  lending  support  to 
the  doctrine  of  the  erosion  of  lake-basins  by  ice,  the  only  one  which  can 
be  said  to  afford  a  presumption  in  its  favour  is  the  abundance  of 
lakes  in  districts  which  have  been  recently  subjected  to  glacial 
erosion.  But  this  fact,  as  was  shown  by  the  late  Sir  Charles  Ijyell, 
is  capable  of  another  and  very  simple  explanation,  without  calling 
in  the  agency  of  so  problematical  a  cause  as  the  excavating  power 
of  ice,  A  very  large  proportion  of  the  lakes  and  lakelets,  found  in 
glaciated  districts,  are  in  reality  formed  through  the  arrest  of  drain- 
age by  the  peculiar  and  often  seemingly  capricious  modes  of  accumu- 
lation of  moraine  matter.  The  smaller  number  of  true  rock- basins 
which  remain,  after  eliminating  the  moraine  lakes,  appear  indeed  to 
owe  tbair  ezLstence  also  to  the  action  oi  glaciers,  but  in  ^  N^rj  dxl* 
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ferent  manner  from  that  maintained  by  the  advocates  of  the  doctrine 
of  ice-erosion,  or  even  from  that  suggested  by  M.  de  Mortillet. 

In  considering  this  question,  it  must  always  be  borne  in  mind  how 
rapidly  the  effects  of  subterranean  forces  on  the  drainage  of  a  district 
are  masked  and  concealed  by  the  action  of  denuding  causes.  As  we 
sail  over  the  great  Alpine  lakes,  we  are  constantly  impressed  by  the 
fact  that,  even  in  the  case  of  those  of  most  profound  depth,  every 
tiny  streamlet  that  descends  from  the  surrounding  mountains  is 
pushing  a  delta  boldly  into  its  waters,  while  the  larger  streams  have 
often  produced  alluvial  flats  of  enormous  extent,  that  have  evidently 
been  reclaimed  from  the  area  of  the  lake.  To  the  eye  of  a  geologist, 
indeed,  almost  every  lake  may  be  said  to  be  visibly  filling  up;  and  the 
whole  Alpine  System  is  encircled  by  innumerable  extinct  lakesy  belong- 
ing to  various  geological  periods.  The  effects  produced  by  local  sub- 
terranean movements  in  tiie  line  of  a  river- valley — whether  in  creat- 
ing an  increased  fall,  and  thus  originating  rapids  and  waterfalls,  or  in 
arresting  the  drainage  at  certain  points,  and  thus  forming  lakes — 
must  be  regarded  as  bringing  about  a  condition  of  unsiahle  equilibrium 
in  the  valley ;  while  the  erosive  and  transporting  action  of  &e  stream 
is  continually  tending  to  remove  the  temporary  derangements  in  the 
system  of  drainage  by  the  cutting  back  and  levelling  of  the  preci- 
pices over  which  rapids  and  cascades  descend,  and  by  filling  up  the 
beds  of  lakes  or  cutting  through  the  dams  that  retain  them.  In 
those  valleys,  indeed,  wherein  the  action  of  denuding  forces  more 
than  counterbalances  that  of  subterranean  movement,  the  formation 
of  rapids  and  of  cascades  on  the  one  hand,  and  of  lakes  on  the  other, 
will  be  prevented. 

In  this  admirably  adjusted  system  of  mutually  antagonistic  agencies 
— those  namely  of  surface  erosion  and  subterranean  movement — the 
occurrence  of  a  period  characterized  by  glacial  conditions  will  pro- 
duce an  interruption,  which  must  be  attended  with  very  marked 
though  temporary  efiEects.  The  depressions  which  under  ordinary 
circumstances  would  form  the  beds  of  lakes,  and  then  rapidly  be 
filled  with  sediments,  would  probably  be  occupied  by  inert  masses  of 
ice,  over  which  the  glaciers  would  flow  in  just  the  same  manner  as 
the  waters  of  some  of  the  existing  Alpine  rivers  pass  over  the  surface  of 
the  lakes  that  lie  in  their  course,  without  producing  any  appreciable 
efiect  on  the  great  mass  of  cold  water  that  occupies  their  profounder 
abysses.  This  temporary  arrest  of  the  compensating  effects  of  river 
action  in  a  valley — while  the  antagonistic  agent,  subterranean  move- 
ment, remained  unaffected — would  of  course  result  in  the  formation 
and  preservation  of  a  greater  number  of  lake-basins  on  the  one  hand, 
and  of  abrupt  slopes  on  the  other,  than  could  be  originated  under 
ordinary  conditions. 

These  considerations,  taken  in  connexion  with  the  frequency  of 
the  aiTcst  of  drainage  by  moraine  matter,  enable  us  to  understand 
that  frequency  of  lakes  and  tarns  in  glaciated  districts,  to  which  such 
importance  has  been  attached  by  the  advocates  of  the  theory  of  ice- 
erosion^    But  they  also  afford  an  equally  simple  explanation  of 

''  Mr.  Scrape  has  called  my  attention  to  the  interes^g  cVxc;aBi%\MV!(^  \&iA.t  in  both 


tafaiM  o 
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(oliua  facts,  vrhicli  aro  altogether  inexplicable  by  and  opposed  to 
6k  theory  of  the  excavation  of  rock-basius  by  ice — namely,  the 
hquent  absence  of  lakes  in  certain  otber  glaciated  regions  and  iu 
■li»HoDs  vrbere,  according  to  that  theory,  the  conditions  were  most 
fiTOurable  for  llieir  production.  If,  as  we  maintain,  the  formation 
Hid  preservation  of  Dutneroue  loke-boaiiis  in  a  district  is  due  to  n 
fcrouiable  coincidence  of  subterranean  movement  with  the  suspenstou 
sf  the  obliterating  effects  of  river  denudation  through  the  occurrence 
tf  glacial  conditions  at  the  surface,  then  the  abundance  of  such  lakes 
in  some  glaciated  regions  and  tiieir  [jaucity  in  others  are  alike  ac- 
nuiiled  for. 

It  is,  however,  impossible  to  conceal  from  ourselves  that  the  real 
oWacte  to  the  reception  of  so  srmplo  an  explanation  of  the  formation 
cf  l&ke-baeinH,  as  that  afforded  by  local  changes  of  level  due  to  dif- 
leiential  subterranean  movements  along  lines  of  drainage,  and  the 
o.iii?! 'lU'.iit  aj.i|ital  til  llio  hj'i"iflielifii.l  nj^'cncy  of  Iho  excavating 
i/i.'  j?  till'  ptniti^f  aswu:iiptii">n  that  the  production  of  the 
of  the  earth's  snrotae  IB  entirely  das  to  the  Bcdon  of  denud- 
ing agsnta,  uid  that  BBbterranean  foroee  have  played  ao  part  whateTer 
bthamattar.  We  cannot  bat  regard  this  dootnne — bo  bwdly  odTanoed 
IiyaeTeral  modem  writen  on  geology — as  opposed  to  the  fnndainental 
and  beet  established  principles  of  the  science,  and  as  being  not  less 
mischievous  in  its  tendencies,  than  it  is  unsupported  by  facts. 

That  differential  moveioenta  of  the  most  striking  character  have 
taken  place  in  the  earth's  crust  during  every  geological  period,  no 
one  who  examines  the  admirable  detailed  maps  of  the  Geological 
Survey  of  the  United  Kingdom,  and  studies  the  effects  produced  by 
the  nnmerona /ow/is  indicated  upon  them,  can  for  one  moment  doubt. 
And  yet  eveiy  practical  geological  surveyor  will  readily  admit  that 
the  dislocations  of  the  strata,  which  he  is  able  to  detect,  bear  prob- 
sbly  only  a  small  proportion  to  those  which  actually  exist.  This 
is  shown  by  the  fact  that  while  in  formations  exhibiting  rapid  alterna- 
tions of  thin  beds,  like  the  Coal  Measures  or  the  Oolites,  in  which 
&alt9  are  easily  detected,  they  are  represented  as  exceedingly 
abundant,  in  others,  consisting  of  uniform  masses  like  Mountain 
Limestone,  Lias  Clay  or  Chalk,  where  it  is  difBcult  to  trace  their 
effects,  but  very  few  are  indicated.  But  even  where  no  actual 
fnctares  of  the  strata  occur,  undulations  and  foldings  of  various 
degrees  of  curvature  bear  witness  to  the  continual  action  of  sub- 
terranean forces.  And  that  the  effects  of  these  were  felt  at  the 
nirface  is  amply  demonstrated  by  peculiarities  in  the  mode  of 
tocumulation  of  the  various  sediments,  which,  as  Darwin  has  so 
well  shown,  muat  ever  be  dependent  on  the  rate  of  subsidence.  Nor 
have  we  the  smallest  grounds  for  believing  that  these  subterranean 
movements  and  the  effects  produced  by  them  at  the  surface  are  one 
whit  less  powerful  at  the  present  time  than  during  former  geological 
periods.  In  proof  of  this  we  need  only  point  to  the  numerous  facts 
that  have  been  accumulated,  especially  by  Lyell  and  Darwin,  show- 

the  Seandinavian  anii  North  AmericaD  regioni,  wtiich  exiiibit  rach  >  yast  nnmber  of 
lakes  WB  tiaTB  luiDuslakabIa  piooSs  tlist  considerable  moiemeata  ol  &e  coilWA  <A 
t^  liad  ban  beat  goings  on  ia  eoiaparatireSj  receat  times. 
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ing  that  the  present  surface  of  the  earth  is  sabject  to  slow  but 
powerful  movements,  sometimes  wide-spread  in  their  operation,  but 
at  others  exceedingly  local.  The  modes  of  reasoning  by  whioh 
geologists  have  arrived  at  these  conclusions  concerning  the  move* 
ments  of  the  earth's  surface  are  not  less  cogent  and  convincing  than 
those  which  tliey  adduce  in  support  of  their  views  concerning  the 
effects  of  denuding  agents.  And  it  is  quite  possible  to  admit  to  tiM* 
fullest  extent  the  important  part  played  by  atmospheric  waste  in  the 
moulding  of  the  features  of  the  earth's  surface,  without  persistently 
shutting  our  eyes  to  the  effects  of  those  subterranean  forces,  concem- 
iug  the  operation  of  which  we  have  equally  convincing  evidence. 

The  only  mode  of  escaping  from  this  mode  of  reasoning  is  by 
denying  that  local  and  differential  movements,  such  as  have  so  con- 
stantly produced  bending  and  fracture  in  the  strata,  are  still  at  work 
on  the  earth's  crust ;  or,  as  Mr.  James  Greikie  appears  to  do,^  to  as- 
sume that  they  can  produce  no  effects  at  the  surface.  That  faolts 
do  not  produce  "  lines  of  cliffs  "  at  the  surface  (except  perhaps  under 
peculiar  and  exceptional  conditions)  we  are  r^y  to  admit — for  the 
denuding  forces  are  constantly  at  work  masking  and  modifying  the 
effects  of  the  subterranean  ;  and  both  are  equally  slow  and  all  but 
imperceptible  in  their  modes  of  action  during  the  limited  periods  of 
human  observation.  But  for  the  conversion  of  an  ordinary  river- 
valley  in  part  of  its  course  into  a  lake-basin,  it  is  by  no  means  neces- 
sary that  any  movement  of  so  great  and  violent  a  character  as  to 
produce  a  fault  in  the  subjacent  rocks  should  take  place.  Any  one 
who  will  examine  the  longitudinal  section  of  a  lake-basin  aeeuratdy 
drawn  to  scahf  such,  for  instance,  as  the  instructive  examples  given 
by  Professor  Bamsay,  must  admit  that  an  almost  imperceptible 
curvature  of  the  strata,  to  the  extent  of  two  or  three  degrees  only, 
will  suffice  to  produce  even  the  deepest  known  lakes. 

Tliat  lines  of  flexure  and  fracture  must  have  had  much  to  do  in 
the  original  determination  of  the  lines  of  drainage  of  a  district,  it  is 
impossible  to  doubt.  And  that  periods  of  violent  movement  in  a 
district  may  have  resulted  in  important  modifications  and  vast  altera- 
tions in  its  system  of  drainage,  few  will  hesitate  to  admit.  Where 
too,  as  in  the  case  of  Lough  Neagh,  the  detailed  mapping  of  the 
district  by  a  competent  observer  brings  to  light  faults,  the  position, 
effects,  and  age  of  which  are  exactly  such  as  would  result  in  the 
surface  movements  necessary  to  produce  the  rock -basin  in  question, 
we  are  surely  justified  in  inferring  a  connexion  between  the  two 
sets  of  phenomena.  But  it  by  no  means  follows  that  where  we  are 
unable  to  detect  a  fault  crossing  the  line  of  valley  or  a  synclinal  fold 
in  its  course,  there  subterranean  movement  could  have  had  no  part 
in  producing  a  lake-basin  in  it.  The  amount  of  vertical  movement 
necessary  to  originate  even  the  deepest  known  lake-basins  bears  so 
small  a  proportion  to  the  length  of  the  valleys  in  which  they  lie  that 
we  do  not  hesitate  to  affirm  that  their  effects  upon  the  subjacent  strata 
could  not,  save  under  exceptionally  favourable  conditions,  be  de- 
tected by  the  most  experienced  geological  surveyors. 

It  is  only  by  those  who  ignore  altogether  the  operation  of  subter- 
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fatOBm,  in  directtDg,  oontiolliDg  and  modifying  the  effects 
indaoBd  \j  denuding  agendesy  that  any  difficulty  has  ever  been 
lyrieBced  in  aoooimting  for  the  formation  of  lakes,  or  ihat  the 
MBMifcy  is  ftlt  for  aasaming  that  ri«er«  of  ice  posBesa  a  power, 
wUtk  ifc  18  on  all  hands  admitted  does  not  belong  to  riverg  of  water 
— Aal  of  ezoavating  great  basin-shaped  depressions  in  iheir  coarse. 
Tb  those  wlio  beliere  that-— alike  in  the  present  and  daring  all 
inMr  gaologioal  periods — the  sabtenranean  and  sabaerial  agencies 
kie  been  in  nnoeasing  action,  side  by  side,  and  that  the  present 
fatmea  of  the  earth's  snrfiuM  are  the  resolt  of  the  constant  mntoal 
■tansdaon  of  these  two  dasses  of  forces — the  formation  of  rock- 
bsina,  Cur  from  being,  as  is  asserted,  an  ahnormal  phenomenon,  is 
ons  of  the  nooeasary  oonseqnences  of  the  antagonistio  agencies  which 
«e  can  demonstrate  to  be  operatijig  on  the  surfaoe  of  oar  planet 
If  it  be  granted,  in  the  first  place,  that  meteoric  agencies  haYo  the 
power  of  jurodocing  great  lines  of  drainage  (yalleys)  on  the  earth's 
frfsne  and,  in  the  second  place,  that  different  portions  of  saoh  lines 
of  drainage  may  be  sabjectod  to  oneqoal  yertical  moYcment — and 
of  the  trath  of  both  these  postulates  we  can  produce  equally  unmistak- 
sUe  and  oonyindng  evidence  —then  it  follows,  inevitably,  that  cascades 
or  rapids  on  the  one  hand,  and  lake-basins  on  the  other — the  results 
of  converse  relations  of  the  two  sets  of  forces — must  he  from  time  to 
time  produced  in  these  lines  of  draiDage.  And  if  all  the  existing 
lake-basins  are  to  be  assumed  to  have  been  produced  by  ice-erosion^ 
we  may  surely  be  justified  in  asking — What  has  become  of  those 
which  must  have  resulted  from  the  action  of  the  obvious  causes  to 
which  we  have  just  referred  ? 

To  sum  up  the  argument  of  the  present  chapter — ^We  have  demon- 
strated that  the  basins  of  the  largest  lakes  in  our  own  islands,  in  the 
Alpine  regions  of  Europe,  and  in  equatorial  Africa,  respectively, 
eovld  not  possibly  have  been  formed  by  the  supposed  excavating 
power  of  ice.  We  have  also  shown  that  in  each  of  these  cases  thero 
is  the  strongest  ground  for  believing  the  districts  in  question  to  have 
been  subjected  to  powerful  subterranean  movement ;  and  that  these 
were  quite  competent  to  produce  the  depressions  in  question. 

But  if  it  can  be  proved  that  in  the  case  of  lakes  which  happen  to 
preserve  evidences  of  the  manner  and  date  of  their  origin,  the 
ordinary  operations  of  denuding  and  subterranean  forces  are  quite 
competent  for  their  production^^ven  when  tlie  lakes  are  of  the  very 
largest  dimensions — where  is  the  necessity  for  calling  in  the  aid  of  a 
new  and  problematical  agency  to  account  for  the  formation  of  the 
imaller  examples  ? 

For  ourselves,  we  must  add — in  the  face  of  the  strenuous  efforts 
which  have  recently  been  made  to  resuscitate  the  doctrine  of  the 
erosion  of  lake-basins  by  ice — that  an  attentive  study  of  the  lakes  of 
both  the  Scottish  Highlands  and  of  the  Alps  (districts  which  have 
been  so  confidently  appealed  to  as  affording  the  strongest  support  to 
the  theory)  has  only  served  to  confirm  our  conviction  in  the  justice 
of  the  conclusion,  on  this  subject,  that  has  been  arrived  at  by  all 
except  an  inconsiderable  minority  of  geologists— namely,  that  the 
agency  in  questiao  h  aa  anneceseazj  aa  it  is  hypotheticaL 
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III. — Skxtoh  ov  the  Gbot.oqy  op  Iox  Sound  and  Bxll  Bouxd, 

SriTZBiBaEN. 

Bf  FrofeasoT  A.  E.  Nobdeksxiolii,  of  St«ckbolm. 

ICE  and  Bell  Soauds  are  two  large  fiords  opening  i 
out  on  the  west  coast  of  Spitzbergen,  whioh  out 
deep  into  the  country,  both  in  an  easterly  direction 
towards  Stor  Fiord,  and  in  a  northerly  direction  to- 
wards the  south  part  of  Wijde  Bay.  The  shores  of 
the  Sounds  are  for  the  most  part  occupied  by  high 
mountains,  precipitona  towards  the  sea,  nearly  free 
from  snow  during  the  summer,  whose  aides,  being 
bare  of  vegetation,  ofier  the  observer  an  uncommonly 
favourable  opportunity  for  studying  the  geological 
Btructureof  the  rooks.  Within  an  exceedingly  limited  ' 
space  one  meets  here  with  a  succession  of  strata  be-  [ 
longing  to  a  great  many  different  geological  periods,  [ 
and  rich  in  fossils,  both  of  the  vegetable  and  animal 
kingdom.  The  geographical  situation,  too,  confers  on 
the  loBsil  organisms  met  with  in  these  regions  an  alto-  ' 
gether  special  importance  in  relation  to  the  questions 
of  the  former  climate  of  the  Polar  couutriea,  of  the 
former  diatribution  of  land  on  the  globe,  and  others 
of  the  weightiest  problems  of  geology.  These  circum- 
stances render  this  region,  now  so  neglected,  one  of 
the  most  interesting  spots  in  a  geological  point  of 
view  on  the  globe  ;  and  it  was  on  this  account  tliat  all  . 
the  Swedish  Polar  Expeditions  remained  for  a  longer 
or  shorter  time  in  tlieso  Sounds,  and  examined  their 
geology  more  thoroughly  than  baa  perhaps  been  done 
in  tliu  case  of  any  other  Polar  country,  A  brief  state-  " 
ment  of  the  results  thus  obtained  forms  the  subject  of 
the  present  paper, 

Aik  ideal  section  of  Spitzbergen  from  east  to  west 
presents  an  appearance  approximating  to  that  shown 
in  the  accompanying  figure,     (Fig.  1.)  { 

The  west  coast  from  South  Cape  to  King's  Bay  is 
formed  of  sedimentary  strata  standing  vertically. 
Farther  into  the  interior,  as  far  as  to  the  east  side  of 
Stor  Fiord,  the  strata,  with  some  Jocal  exceptions,  be- 
come more  or  less  horizontal,  although  it  is  just  in 
these  regions  that  extensive  beds  and  masses  of  un- 
stratificd  rocks  occur  in  greatest  abundance.  The 
dip  and  contortion  of  the  strata  it  ia  evident  do  not 
stand  in  any  immediate  connexion  with  the  outburst 
of  plutonic  rocks.  The  numeroua  fiords  also  in  most 
cases  are  nearly  at  right  angles  to  the  direction  of  the 
strata  at  the  coast,  which  shows  that  these  basins  were 
not  formed  in  connexion  with  those  changes  of  level 
which  disturbed  the  original  horizontal  lie  of  the  > 
strata.     If  we  carefully  examine  the  shores  of  the 
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iorii,ih6  waj  in  whicsh  the  channels  referred  to  branch  out  towards 
tte  interior,  to  terminate  abmptly  in  an  old  glacier  moraine,  or  with 
a  Racier  still  in  action^ we  see  dearly  that  the  common  theory  of  the 
fbraaticii  of  ^valley a»  thai  is  to  say,  the  snpposition  that  valleys  haye 
Imq  formed  in  the  Platonic  way  thxoagh  a  sinking  of  the  earth's 
rtnta,  is  not  applicable  here,  but  that  the  fiords  of  Spitzbergen,  the 
vtter-filled  Talley-depreesions  in  qnestion,  were  formed  after  the 
doss  of  the  Miocene  period  through  the  denuding  action  of  ioe- 
ibssms  from  an  inland  ice-field,  which  probably  was  considerably  more 
sitonsiTe  than  that  which  now  occupies  the  interior  of  Spitsbergen. 

Although   it  is  probable  that  Spitsbergen  was  not  covered  by 
l^iciera  before  the  end  of  the  Miocene  period,  it  can  be  proved  that 
en  that  part  of  the  world  also  glaciers  occupied  a  greater  extent  in 
farmer  times  than  now.    If  we  examine  the  rocks  at  the  sides  of 
flis  fiords  and  the  small  islands  which  environ  the  coast  itself, 
amnerons  proofs  of  this  are  to  be  found.    The  rocks  in  these  regions 
srs  in  most  cases  indeed  so  split  up  by  frost  that  the  original  surface 
hai  been  completely  destroyed,  and  generally  the  rock  is  too  loose 
sad  easily  cmmbled  down  to  permit  any  glacial  scratches  to  con- 
tinoe  for  a  length  of  time  upon  a  surface  exposed  to  the  air.    But 
sometimes  there  occur  yet  harder  rocks,  gneisa,  quarizUe,  diabase, 
etc,  which  are  better  adapted  to  resist  the  destructive  action  of  tlie 
atmosphere;    and  on  such   rocks,  when  they  ]io  near  the  water's 
edge,  there  are  nearly  always  found,  on  a  close  examination,  beauti- 
ful iitrise  and  furrows,  which  run  in  the  same  direction  as  the  fiord. 
From  this  we  draw  the  conclusion  that  the  now  existing  fiord  was 
formerly  filled  with  a  glacier  or  ice-stream,  and  that  the  glaciers 
on  the  west  coast  at  a  former  period  extended  at  least  to  that  garland 
of  rocks  and  small  islands  by  which  the  land  is  now  environed. 
Judging  from  the  absence  of  deep  fiords  on  the  east  coast  of  Spitz- 
bergen,  and  the  shallowness  of  tho  sea  between  Spitzbergen  and 
Nova  Zembia,  we  infer  that  the  inland  mer  de  glace  in  former  times 
extended  considerably  further  in  that  direction.    Probably  during  the 
Glacial  Period  the  west  coast  of  Spitzbergen  was  the  west  coasts  not 
vierely  of  a  large  island,  but  of  a  considerable  Arctic  continent j  which 
towards  the  south  was  connected  with  Scandinavia,  and  towards  the 
€ast  with  continental  Siberia. 

I  have  never  seen  any  striated  rocks  at  a  height  exceeding  1000 
feet  upon  the  mountains  of  West  Spitzbergen.  The  reason  probably 
is  the  destructive  action  of  frost  upon  the  rock-surface. 

But  it  is  worthy  of  notice  that  while  the  gntiiss  and  granite  moun- 
tains nearly  1800  feet  high,  on  Parry's,  Phipps's,  Marten's,  and 
Cat>tren*s  Lslands,  all  lying  on  the  north  coast  ot*  North  East  Laud, 
upon  one  side,  chiefly  the  south,  exhibit  rounded  forms,  which  clearly 
show  that  the  mountains  were  completely  covered  by  glaciers;  the 
rocks  of  the  same  varieties  on  the  north-west  corner  of  Spitzbergen, 
on  the  contrary,  do  not  give  any  certain  evidence  of  having  been 
entirely  covered  by  ice. 

I  cannot  adduce  any  conclusive  proof  that  the  glaciers  are  c/m- 
Hnuously  receding.     On  the  contrary,  judging  by  the  last  centuries' 
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experience,  we  are  inclined  to  suppose  that  they  are  again  adTanoing. 
As  instances  of  this  we  may  adduce 

Frithiofs  Glacier  in  Bell  Sound. — In  my  sketch  of  the  geology  of 
Spitzbergen  I  give  the  following  account  of  this  glacier  in  1858 

and  1864 : 

^*  On  the  North  coast  of  Bell  Sound,  directly  to  the  East  of  the  larre  iBland  whiA 
separates  Van  Mijen's  Bay  from  the  main  sound,  there  existed,  only  a  few  jmn 
ago,  QUO  of  the  hest  harhonrs  of  Spitzbergen.  The  whalers  on  their  way  from  thiB 
North  coast  to  Stor  Fiord  used  often  to  anchor  at  this  harbour  in  order  to  hut 
reindeer  in  the  neighbouring  fertile  valleys ;  and  this  too  was  one  of  the  firrt  placei 
vifiited  by  Professor  Torell's  expedition  in  1858.  During  this  expedition  I  explnvd 
the  surrounding  country  in  all  directions,  so  that  on  revisiting  the  place  in  1864 
I  was  able  clearly  to  caU  to  mind  its  former  aspect  The  shores  of  the  harbour  itill 
in  1858  consistea  of  a  broad  strip  of  muddy  land  intersected  by  brooks,  bounded  on 
the  West  by  high  mountains,  ana  on  the  North-east  by  a  hill,  on  which  an  old  ctom 
had  been  erected  over  a  grave.  More  to  the  East  stretched,  as  far  as  Coal  Monnt,  i 
marshy  low  flat  traversed  by  a  considerable  stream.  Directly  above  the  banka  of 
mire  and  gravel,  composing  the  strip  of  muddy  land  which  formed  the  shores  of  ihi 
harbour,  gradually  commenced  a  low  but  broad  glacier  (the  Frithiof  Glacier),  which 
did  not,  as  is  usually  the  case  with  the  glaciers  of  Spitzbergen,  terminate  aompdy 
with  a  break,  and  which  was* consequently  considered  oy  us  as  a  receding  glaeur.  In 
the  banks  of  mire  were  found  remains  of  various  marine  shells  still  covtffed  with  their 
epidennis,  from  which  Torell  su.spected  that  these  mounds  of  mud  were  not  morainei, 
but  had  been  recently  forced  upwards  from  the  bottom  of  the  sea  by  the  glacier. 
During  the  winter  of  1860-1861  the  previously  insignificant  glacier  descended  npon 
the  low  land  and  the  grave-hillock  on  the  shore,  filled  up  the  harbour,  and  extoided 
far  into  the  sea.  It  now  constitutes  one  of  the  largest  glaciers  of  Spitzbergen,  froB 
which  immense  blocks  of  ice  constantly  fall  down,  so  that  not  even  a  Doat  can  Tentore 
in  safety  beneath  its  broken  border." 

Desirous  to  ascertain  whether  the  glacier  had  undergone  any 
further  alteration  during  the  last  ten  years,  I  undertook,  in  the 
snmiuer  of  1873,  a  dangerous  row  through  the  northern  entrance  to 
Van  Mijen  Bay,  along  the  border  of  the  glacier  to  Coal  Mount 
The  point  of  the  glacier  was  thought  to  have  advanced  still  farther, 
and  it  had  now,  if  on  a  smaller  scale,  a  complete  resemblance  to  the 
glaciei*8  which  occasion  the  formation  of  the  ice-fiords  of  Greenland, 
and  which  are  sketched  in  BedogdreUe  fdr  en  expedition  till  Grdnland 

(Narrative  of  an  Expedition  to  Greenland)  (Ofvers.  af  Yet.-Akad. 
Forb.  1870,  s.  lOOD).     See  Geol.  Mag.  1872,  Vol.  IX.  p.  362. 

Becherche  Bay  in  Bell  Sound, — A  comparison  of  the  existing  con- 
figuration of  the  land  in  this  bay  with  the  very  accurate  map  which 
was  constructed  by  the  French  Expedition  in  the  Recherche  in  the 
year  1838,  shows  that  the  glaciers  have  considerably  advanced. 
Unfortunately  time  did  not  permit  us  completely  to  map  the  fiord 
anew,  on  which  account  a  complete  comparison  of  the  extent  of  the 
ice  before  and  now  was  impossible.  That  the  ice  in  this  harbour 
has  considerably  a«lvanced  during  the  latest  centuries  is  fuither 
proved  by  the  remains  of  old  train  oil  boiling  places  found  in  Robert's 
Valley,  about  two  kilometres  from  the  present  shore,  close  by  the 
side  of  a  completely  broken  glacier,  which  here  enters  the  sea,  and 
which  evidently  has  completely  filled  up  the  harbour  where  whalers 
ancliored  a  couple  of  centuries  back. 

Whales^  Bay  in  Sior  Fiord. — According  to  the  account  of  the 
whalers,  the  old  harbour  here  has  been  of  late  years  completely  filled 
jby  a  glacier. 
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fSmXlmr  adTUuniig  ghoian  probably  ooonr  in  a  great  Hiany  other 
phoei  along  tbe  ooasto  of  Spitsbergen ;  for  example,  the  inner  part  of 
tiba  Stor  Fiord,  the  bottom  of  Wahlenbeig  Bay,  eto.    It  ia,  however, 
ynbabla  tbat  the  adTaooe  at  theaeplaoeBoorreaponda  to  a  receding  at 
adien,  tlunigli  it  ia  diffionlt  to  give  inatanoea  of  thia,  on  aooonnt  of  the 
■o»«ziaCeDoe  of  old  detailed  nuipa,^  and  that  the  ohangea  which  have 
■aaifiBatad  tfaemadyea  during  the  later  oenturiea  in  the  extent  of  the 
haTO  mainlv  depended  on  ohangea  in  the  direction  of  the  ice- 
by  which  the  inland  mer  de  glace  debouchea  into  the  aea. 
the  period  of  time  daring  whiim  direct  obaervationa  have  been 
in  these  vegiona  ia  too  abort  to  afford  na  any  certain  information 
ai  to  the  ohangea  which  the  country  baa  undergone  in  climatic  and 
gNgnphioal  reapecta.    It  ia  by  atudying  ita  rock-formation  and  by 
^wM»iw^»ig  the  animal  and  vegetable  remaina  which  lie  embedded  in 
ita  variona  aediment^py  atrata  that  we  first  obtain  an  idea  of  the 
Isinier  state  of  these  regions  now  so  ice-covered. 

In  giving  a  deacription  of  the  rooks,  I  shall  follow  the  order  of 
ssBoaaaion,  and  so  begin  with  the  oldest,  viz. : 

L  Cr^^ioUime  rock$,  —  The  crystalline  rocks  (granite,  granite- 
gneiBB^  gneiss,  cryatalline  limestone,  mica-slate,  hornblende-slate, 
etc.),  which  oocur  at  the  north-westeTn  comer  of  Spitzbergen,  at 
Yerlegen  Hook,  and  the  north-eastern  shore  of  Wijde  Bay,  the  north 
coast  of  Nordland,  the  Seven  Islands,  and  the  innermout  part  of 
Wahlenberg  Bay,  were  found  also  in  1870  by  Nathorst  and  Wil- 
ander  in  Elaas  Billen  Bay,  in  the  innermost  part  of  it  on  the  north- 
eist  side,  both  on  a  mountain  near  the  great  glacier,  and  on  the 
north  side  of  the  same  mountain  chain  round  a  smaller  glacier.  At 
the  latter  place  the  ground-rook  consists  of  mica-slate,  gneiss,  horn- 
blende-slate, and  quartzite,  and  is  overlain  unconformably  by  sand- 
stone and  clay-slate  containing  coal,  followed  by  a  stratum  of  red 
and  white  gypsum.  Near  the  large  glacier  the  formation  is  nearly 
the  same,  inasmuch  as  mica-slate  with  garnets  and  gneiss  is  over- 
lain vMCcmformahly  by  sandstone  and  bituminous  slate.  In  the  saad- 
itose  were  observed  a  large  Stigmaria  or  Sigillaria,  and  an  impression 
of  a  Calamites,  which  show  tliat  these  strata  belong  to  the  Lower 
Carboniferous  series  ('  Ursa'  stage,  Heer).  The  above-named  places 
onKlaas  Billen  Bay  are  the  only  ones  on  Ice  and  Bell  Sounds  where 
crystalline  rocks  occur  in  position,  but  erratic  blocks  have  been  found 
in  many  places,  and  consist  in  some  cases  of  a  very  coarse-grained 
pori>hyry-like  granite,  which  we  have  not  found  in  sitd,  though  it 
is  probable  it  is  to  be  found  under  tlie  mer  de  glace  in  the  interior. 

*  A  eomparison  of  the  old  Dutch  maps  with  the  present  configuration  of  the 
eofuntry  appeaiB,  howeyer,  to  show  that  the  mer  de  glace  on  the  north  side  of 
Ice  ^ound  tonnerly  filled  the  whole  of  that  arm  of  the  Sound  which  is  named 
North  Sound,  and  that  thus  iht  ice-cffverwg  at  this  ploce  ha$  conaiderably  receded.  It 
ii  otherwise  difficult  to  explain  how  Ice  Sound,  the  next  largest  fiord  on  Spitzbergen, 
k  delineatel  in  these  maps  as  very  small,  the  north  arm  being  completely  left  out, 
while  the  southern  shore  of  the  sound  is  drawn,  if  not  correctly,  at  least  rccojniizably. 
Ko  similar  discrepancy  between  the  old  maps  and  the  present  form  of  the  fiords 
occurs  in  the  case  of  litU  Souhd^  Lit/de  Bay^  and  Wfjde  Bay,  In  Stor  Fiord  (Wybe 
Jam  Water)  the  ice,  on  the  contrary,  is  thought  to  have  advanced  to  the  two 
idands  in  the  bottom  of  ihe  fiord  which  in  Van  Keulen's  map  are  named  ^tkuiasa 
and  Mobbea  Eylamd,  and  which  are  beliewed  to  be  now  Bonounded  by  lOS. 
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IT.  Hecla  Rook  Strata} — ^We  have  not  had  the  good  fortone  to 
find  in  Spitzbergen  any  strata  containing  Silurian  fossils.  But  it  ia 
probable  that  the  Silurian  formation  of  Scandinavia  is  correlated  to 
the  immense  succession  of  strata  occurring  here,  which  I,  in  the 
absence  of  any  other  name,  have  called  after  the  mountain  (Hecla  Hook 
on  Treurenberg  Bay)  where  they  have  their  greatest  development 
These  strata,  which  besides  occupy  an  immense  area  in  Spitzbergen, 
consist,  without  taking  into  account  inconsiderable  variations,  of 

1.  Lowermost,  erey  compact  dolomite  intersected  by  white  yeins  of  qnarti  and 
calcite.  It  was  taKen  at  first  for  grey  limestone  before  it  was  analyzed  by  O,  lind* 
strum,'  who  found  it  to  consist  of  grey  dolomite  from  English  Bay : 

Carbonate  of  lime     63*98 

Carbonate  of  magnesia     44*69 

Carbonate  of  protoxide  of  iron       ^        0*18 

Incombustible  residue  insoluble  in  acids 1*39 

v^monno     ...m    •••••    ••!••    •••••    •••«•       urace 


2.  Black  clay-slate.  100*24 

3.  Ilard  whitish  grey  or  red  quartzite. 

4.  Black  clay-slate,  at  certain  places  passing  over  to  a  breccia-like  mixture  of 
pieces  of  clay-slate  and  a  hard  sandstone  containing  lime. 

6.  Grey  dolomite,  like  1. 

The  Hecla  Hook  strata  (quartzite  and  white-veined  dolomite)  ocoar 
in  the  part  of  Spitzbergen  now  referred  to,  in  the  rocks  at  the  mouths 
of  the  fiords,  along  the  outer  coast  between  the  fiords,  and  upon  the 
islands  and  rocks  by  which  the  outer  coast  is  environed ;  for  example, 
dolomite  with  veins  of  limestone  on  the  western  side  of  Safe  Haven, 
quartzite  at  the  Alkhom,  upon  the  outer  archipelago  between  loe  and 
Bell  Sounds,  and  forming  the  rocks  on  the  shores  of  the  neighbouring 
coast  in  St.  John's  Bay,  on  the  southern  point  of  Charles  Foreland, 
etc.  To  this  probably  also  belongs  the  Clay-slate  breccia,  which  im- 
mediately underlies  the  Tertiary  strata  at  Cape  Lyell. 

The  strata  which  belong  to  this  group  are  most  frequently  raised 
up  vertically,  having  their  direction  principally  from  north  to  south. 
It  is  exceedingly  remarkable  that  we  have  not  happened  to  find  in 
them  any  fossils,  though  diligently  examining  series  of  strata  thou- 
sands of  feet  in  thickness,  and  although  the  Hecla  Hook  slate,  on 
account  of  its  fineness  and  the  absence  of  pyrites,  seems  specially 
adapted  to  preserve  the  organisms  which  were  imbedded  in  it.* 
I^obably  this  series  of  strata  are  an  extensive  fresh-water  formation 
from  the  same  period  of  time  as  that  during  which  the  Silurian 
strata  were  deposited  in  Scandinavia. 

III.  Liefde  Bay  Strata  (probably  forming  the  boimdary  between  the 
Carboniferous  and  the  Devonian  formations). — Tlie  above-mentioned 
quartzite  is  overlain  in  Lomme  Bay  by  slate,  limestone,  sandstone 

1  Since  the  publication  of  my  Sketch  of  the  Geology  of  Spitzbergen,  I  have  had 
the  good  fortune  to  find  fossils  m  the  red  schists  at  Liefde  Bay.  These  strata,  which 
I  formerly  correlated  with  the  Hecla  Hook  formation,  I  have  now  accordingly  re- 
ferred to  a  separate  division,  "  the  Liefde  Bay  Strata." 

^  6.  Lindstrom,  Analyses  of  Rocks  from  Spitzbergen,  Ofversigt  af  Yet-Akad. 
Fcirh.  1867,  No.  10. 
3  Yet  some  indistinct  and  undetermined  biTalves  and  inconsiderable  graptoUte-like 
imprestiions  occur  at  the  outer  shore  of  Grey  Hook  ia  a  black  slate,  which  probably 
belongs  to  No,  4  oi  the  Hecia  Hook  strata. 
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inJ  coaree-grained  conglomeratea,  remarkable  for  tlie  quauyty  of 
I  aside  of  iron  they  contain,  whence  their  rod  colour  is  derived,  which, 
wben  the  Btrala  are  broken  down,  comniuDicutea  itself  not  ouly  to 
Ae  streams  -which  ran  down  the  sides  of  the  hilU,  but  also  to  the 
viter  in  the  fiords  which  are  surroanded  by  these  stratA. 

In  Iiomme  Bay,  the  interior  of  Wijde  Bay,  Liefil©  Bay,  Red  Beach 
i>etween  Riide  Buy  and  Liefde  Bay,  also  in  the  interior  of  loe  Sound, 
diese  strata  occur  as  a  completely  homogeneous  formation  in  a 
gfognooHc  respect,  and  nearly  as  poor  in  fossils  as  the  strata  in  the 
t«fure-meutioned  group.  Yet  Malmgren  and  I  in  the  Eipodition  of 
I^6S,  and  Katborst  and  Wilander  in  1870,  had  the  good  fortune  to 
find  in  Uiem  scales,  dermal  plates,  and  fin-ravs  of  f  shes,  the  ahell  of 
as  oatneod  oriHtHMu,  ot^mditet^  eto.,  whvdi,  lioweTsr,  oaiuiot  yet 
with  ovtain^  be  deterauiMd.     ' 

Tlw  tlicnrM  of  Dicknn  "Bty  am  taken  up  (with  the  exoeption  of 
MTwmlatntaof  gypramind  qnartdte  belonging  to  the  next  diTuirai, 
vUdi  oooor  neensi  the  ffiitraaoe  (^  the  bay)  ocnnpletely  by  tbeee 
■toata,  end  ttwj  al>o  oocnr  strongly  developed  on  the  noithwn  uiore  of 
SkoB  BQlen  Bay,  oln  in  tiie  bottom  of  Ekman  Bay.  On  the  othw 
hmd,  tb^  on  geoeniUy  wenting  between  the  HebU  'Book  atnita  and 
fta  Lower  Coibonifecoua  wrieB  on  the  ireat  oooab 

With  reference  to  the  occurrence  of  the  Liefde  Bay  strata  in 
Elaas  BiBen  Bay,  I  have  received  a  private  communication  from  Dr. 
fiotbontt  to  the  following  effect : — "  Bed  and  green  clay-slate  occur 
immediately  to  tbe  north  of  Skangberg  in  the  neighbourhood  of  the 
oitronomioally  determined  point.  The  slate  has  its  dip  first  towards 
the  west,  which  quickly  increases  till  the  strata  are  perpendicular, 
kud  Uien  about  8<^  towards  the  north-east.  TJpoa  these  strata  rest 
layen  of  Russian  Island  dolomite  and  Mountain  Limestone  with 
nearly  horizontal  beds.  In  the  neighbourhood  of  the  astronomically 
detenniQed  point  fish-scales  and  an  ostracod  crustacean  occur  plenti- 
folly  in  the  slate.  The  red  and  green  slates,  which  at  first  are  covered 
ty  Uountain  Limestone  near  the  level  of  tbe  sea,  are  elevated  higher 
the  further  we  advance  into  the  fiord,  till  they  finally  form  the  moss  of 
the  mountain.  Immediately  south  of  Mimer's  Bay  the  states  dis- 
appear all  at  once,  and  are  replaced  by  a  red  sandstone  with  layers 
of  gypsum,  raised  up  in  the  same  manner  as  the  states.  A  profile 
along  the  western  side  of  Klaaa  Billen  Bay  would  present  somewhat 
the  following  appearanoe." 


Fis.  2.— Profile  of  the  Western  Shore  of  KUm  Billen  Bay  on  both  sides  of  Sham  B«y. 
I.  Liefda  Bay  atrats,  containing  Esh-BcalsB,  etc.,  in  tfaa  neighbonrln 


niwd  at  ttie  point  the  position  of  which  was  astronomicaU)'  determined  in  186<. 
1.  RBBsian  IslaDd  dolomite,  gradually  passing  into  3.  CsBthaphyUum  Limertone 
at  dolomite.  4.  Layer  of  grey  gypsum,  at  a  full  of  white  alalwuter  nodules  and 
Bomtuning  mountain  limertone  foMils,  though  sparingly.  "  '^•••^••-  «  R^"-" 
Ba,. 


.  Diabase.    6.  Bksns 
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This  is  probably  a  fresh- water  formation  deposited  in  a  lake  whick 
ft  retched  from  the  interior  of  Ice  Sound  over  the  south  of  Wijde  Bay 
and  Liefde  Bay  northwards. 

IV.  The  Carboniferous  Formation, — ^This  period  is  represented  in 
Spitzbergen  by  three  divisions,  namely :  A.  The  Lower  Mountain  Lime- 
stone.  B.  The  Mountain  Limestone  proper,  0.  The  Upper  Coal 
Fjrmation, 

A.  The  Lower  Mountain  Limestone  ("Ursa-stage"). — ^These  strata 
occur  most  developed  on  Bear  Island,  whose  geological  phenomena 
were  examined  by  me  in  1868,  and  later  were  described  in  an  ap- 
pendix to  the  treatise  (Fossile  Flora  der  Baren  Insel  von  Osw.  Heer, 
Vet.  Akad.  Handl.  V.  9,  No.  6,  1871,  s.  25)  in  which  Heer  describes 
the  vegetable  impressions  found  in  these  strata.  ^ 

From  the  researches  which  have  since  been  made  by  Nathorst 
and  Wilander  in  Ice  Sound,  it  appears  that  the  stratum  named 
Kussian  Island  dolomite,  which,  in  the  paper  referred  to,  I  con- 
sidered to  belong  to  the  lowermost  division  of  the  Carboniferous 
formation  of  Spitzbergen,  in  fact  lies  between  the  Coal-bearing  sand- 
stone and  the  Cyathophyllum  Limestone,  and  that  thus  the  Coal-bear- 
ing sandstone  forms  the  lowest  link  of  the  formation,,  provided  the 
Liefde  Bay  strata  placed  in  the  foregoing  division  be  not  also  referred 
to  this  one. 

This  division  consists  on  Bear  Island  of : 

1.  (Lowermost)  A  hard,  white,  qaartzite-like  sandstone,  with  marks  of  the  action 

of  waves. 

2.  An  irre^lar,  darker  sandstone  layer  with  hand  of  coal,  2*5 — 0*1  metre. 

3.  White,  nard,  and  comnact  sandstone,  without  vegetable  impressions,  3  metres. 

4.  Grey,  pretty  loose  sanostone,  1-2  metre. 

6.  Sandstone  with  hand  of  slate,  ahout  0*6  metre. 

6.  Cluy-slate  with  beantiful  vegetable  impressions  and  nodules  of  clay-ironstone, 

1*2  metre. 

7.  Coal  with  hand  of  clay-slate  and  numerous  vegetable  impressions,  3*6  metres. 

8.  Sandstone  with  stems  of  Calamites,  of  which  a  part  stand  upright  and  are  of  con- 

siderable size,  6  metres. 

The  same  strata  occur  also  in  Ice  and  Bell  Sounds,  although,  as  far 
as  is  hitherto  known,  less  developed  than  on  Bear  Island. 

In  Bell  Sound  several  vegetable  impressions,  probably  belonging 
to  this  formation,  were  already  discovered  by  Robert,  and  delineated, 
though  not  recognizably,  in  the  great  work  on  the  voyage  of  the 
Recherche ; '  according  to  the  determination  by  Robert  the  vegetable 
impressions  delineated  are  those  of  a  Lepidodendron  and  a  Sigillarta 
or  Calamites,  Robert,  however,  fell  into  the  mistake  of  referring  the 
whole  of  the  overlying  series  of  Tertiary  strata  to  the  Coal-forma- 
tion. In  the  year  1873  I  too  had  the  good  fortune  to  find  on  the 
north  shore  of  Bell  Sound,  on  an  island  situated  a  little  outside 
Axel's  Islands,  a  sandstone  with  numerous  ill-preserved  impressions 
of  Calamites  and  Knorria ;  opportunity  however  was  wanting  for  a 
stay  sufficiently  long  for  a  close  examination.     It  is,  however,  prob- 

^  See  Dr.  Oswald  Heer*s  paper  "  On  the  Carboniferous  Flora  of  Bear  Island  (lat* 
74^  30'  N.),"  Quart.  Journ.  Geol.  Soc.  Lond.  1872,  vol.  xxviii.  pp.  161-173,  pi.  iv 

■^  Voyages  en  Scandinavie  en  Laponie  au  Spitzberg,  etc.  Atlas  G^ologique,  19» 
Paleontologie  de  la  rade  de  Bellsound. 
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f  M»  Qiat  the  sandstoae  here  nDderlies  the  Cyalhophi/llum  Ltmeetone, 
tle~.  npoa  Uie  shore  right  opposite  Asel's  Isknils,  and  the  locality  of 

'  ibe  discovery  deeervea  a  closer  examiDation.  The  profile  of  the  Strata 
It  this  place  will  be  given  further  on. 


F«.  3.— Section  of  Strsta  on  the  North-eMt  Hide  of  KIaa»  Billen  Bay,  olose  to  tbt 

great  glitcicr  (acconliD^  to  Dr.  Nathurat). 

I.  Crptalline  Slalts.    2.  Sandatone  and  Culcnivoiui  C'lav-slalc,  with  vegetable 

iropressioni.     3.  finl  aad  \f1iitc  Gj-pam. 

In  Ice  Sound,  strata  with  vegetable  impressions  belonging  to 
this  division  were  foand  by  Nathorst  and  Wilander  in  the  summer 
of  1870: — n.  right  opposite  Skansberg,  on  the  east  side  of  Kluaa  Billen 
Bay,  where  occur  :  1.  (lowerimat)  Sandstone  and  conglomerate  of 
ihirp-ocimered  pieoea  of  qatirtj; ;  2.  A  Ban iIb tone- 1  ike  clay-slate 
«ith  thin  coal-band,  and  iinpressiona  of  Lcpidodendroii,  Sligmaria, 
md  C.ilam,>#.-  3.  Ucd  Knndstorie  and  a  variable  rod.  yellow,  or 
green  conglomerate  of  Liefde  Bay,  red  and  green  slates,  and  4, 
Biuaian  Island  dolomite  with  flint;  5.  Strata  containing  beds  of 
gypsam,  flint,  and  a  great  number  of  marine  fossils.  Strata  1-3  dip 
steeply  towards  the  Sound  under  the  Mountain  Limestone  strata  (4 
and  5),  which  lie  horizontally ;— 6.  in  the  inner  part  of  the  Sound,  in 
die  neighbourhood  of  the  Crystalline  rocks,  which  here  are  directly 
overlain  itne<mformably  by  red  sandstone  and  clay-slate  containing 
lime.  The  sandatone  contained  a  large  Sligmaria,  and  a  portion  of 
■  CaianiUt. 

(It)  i<  tMtinned  fa  our  tuxt  Kumber.) 


IT. — NoBTHniiBEBi.&in)  Esoabphknts  anu  Tobkbhibk  Tebbaoxs.' 

By  Hugh  Hilleb,  F.O.S.,  Astac.  Bojal  School  of  Mines; 

Of  n.M.  Geological  Survey  ol  England  and  Walea. 

r  framing  a  theory  attributing  the  terraced  form  of  limestone  ont- 
ciopB  in  the  Yorkshire  IJales  to  glacial  erosion,  Mr.  Qcodeluld 
*M  doubtless  prepared  to  encounter  much  adverse  criticism.  If  in 
tbia  oommnnication  I  venture  to  differ  from  hie  views,  he  will  believe 
that  it  is  in  no  captious  spirit  The  district  in  Northumberland  from 
which  I  write  supplies  materials  for  criticism  of  the  most  relevant 
kind,  presenting  as  it  does  the  same  series  of  Carboniferous  rocks 
cropping  out  in  surface  features  closely  allied,  and  subjected  in  the 
Slacial  Period  to  the  pressure  of  the  same  ice-sheet.  The  terraces 
of  Weosleydale,  too,  are  not  wholly  unfamiliar  to  me. 

The  elevated  plateau  occupying  the  angle  between  the  two  main 
divisions  of  the  Biver  Tyne,  and  traversed  in  a  12-niile  walk  between 
Haltwbistle  on  the  south  and  Wark  on  the  north,  exhibits  a  series  of 

1 8n  Ur.  0«o4ehild'i  Article,  Ghol.  Hao.  Julj  and  Angnat,  1B76,  pp.  323, 3S6. 
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escarpments,  which,  as  illustrating  the  phenomena  attending  their 
development,  is  probably  unsurpassed  in  the  kingdom,  llie  solid 
Mountain  Limestone  of  the  South  of  England — ^in  Yorkshire  divided 
up  by  intercalated  bands  of  shale  and  grit>  among  which  the  lime- 
stones  project  in  terraced  outcrops — is  here  represented  by  beds 
seldom  exceeding  30  feet  in  thickness,  and,  speaking  generally, 
averaging  scarcely  15.  The  sandstones,  on  the  other  hand,  which 
take  in  Yorkshire  the  subordinate  place,  have  become  thickened  and 
often  massive,  while  the  shales  are  similarly  augmented.  The  out- 
crop of  these  beds  of  sandstone,  limestone,  and  shale,  forms  a 
marked  system  of  roughly  parallel  ridges  and  furrows  crossing  the 
watershed  of  the  country  from  W.S.W.  to  E.N.E.  The  long-drawn 
hollows  between  projecting  lines  of  outcrop  are  occupied  mainly  by 
shale,  serving  as  an  ofiset  to  the  outstanding  beds,  llie  sandstones 
rise  into  the  more  prominent  ridges,  yet  conform  neither  at  base  nor 
summit  to  horizontal  lines,  a  consequence,  in  part,  of  their  varying 
bedding  and  texture:  here,  where  massive,  advancing  and  rising  along 
the  line  of  a  dip  moderate  in  amount,  until  terminated  in  a  precipitous 
front ;  there,  withdrawing  with  bay-like  recesses,  whose  inner  sloping 
margin  represents  the  subsided  escarpment,  or  sinking  temporarily 
until  no  feature  marks  their  site.  The  limestone  features  are  of 
subordinate  character,  generally  rising  into  an  angular  wave,  whose 
shortened  front  is  roughened  into  an  incipient  crest,  or  entering  into 
the  profile  of  the  talus-like  skirt  of  a  sandstone  cUff  as  a  somewhat 
subdued  ledge  or  boss. 

Dominating  the  features  of  the  district,  the  igneous  Whinsill, 
simulating  an  interbedded  appearance,  and  showing,  like  the  other 
escarpments,  dip-slope  and  scarp,  runs  like  a  great  black  carina 
among  minor  enflanking  ribs. 

This  system  of  ridges  with  intermediate  fuiTOWs,  although  differ- 
ing in  appearance  from  the  terraces  of  the  Yorkshire  Dales,  would, 
notwithstanding,  assume  a  terraced  character  if  ranged  along  the 
sides  of  a  valley.  This  fact  is  sufficiently  exemplified  in  tlie  neigh- 
bourhood. In  the  wide  valley  through  which  the  Houxty  Bum 
joins  the  North  Tyne,  the  sandstones,  masked  as  they  are  by  super- 
ficial deposits,  and  only  partly  favoured  by  dip,  yet  crop  out  occasion- 
ally in  the  form  of  wall-faced  esplanades ;  one  marked  instance 
resembling  in  no  remote  degree  the  well-known  Leybum  Shawl  of 
Wen  si  ey  dale.  We  have  here  also  a  gradation  between  the  terraced 
and  the  ridged  form ;  a  gradation  doubtless  to  be  met  with  in  many 
places  intermediate  between  Yorkshire  and  Northumberland. 

If  the  identity  of  the  phenomena  in  the  two  counties  be  granted, 
as  I  think  it  must,  the  same  causes  must  be  looked  to  for  their  expla- 
nation. Two  theories,  rejected  by  Mr.  Goodchild  for  the  Yorkshire 
teiTaces,  are  still  less  applicable  to  the  features  here  described.  It 
is  impossible  that  either  rivers  or  the  sea  should  carve  out  a 
parallel  series  of  furrows  coinciding  with  soft  beds,  and  of  ridges 
formed  by  harder  ones.  And  when  the  series  bears  i^elation  not  to 
any  water-level  or  levels,  but  to  the  grander  features  of  the  country, 
upon  which  it  is  chiselled  as  merely,  so  to  speak,  the  minor  oma- 
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lltatioD, — and  wben,  moreover,  it  is  found  in  the  best  preservation 
I  the  Wftter-sbed  of  the  country, — marine  and  fluvial  theoneB  inuat 
Mtfly  be  set  aside.  Two  ibeories  reniaio.  The  firat — Biipported, 
d  for  oertain  diatricte  established,  by  RaoiBay,  Greenwood,  Foster, 
d  Topley,  and  others — attributes  the  etching  out  of  these  feature! 
the  protrnoted  influence  of  atuoBphericdisiDtcgmtioQ  ;  the  other — 
onciated  by  Mr.  GcKidohild — calls  in  for  the  Yorkshire  terraces,  and, 
I  trust  I  have  shown,  neoessariiy  aUo  for  the  North  umber  land 
cupmcnts,  the  force  of  glaciers  ei-oding  unequally  along  beds  of 
i«qua]  resistance. 

West  Northumberland  ofFers  a  fair  field  for  testing  the  latter  theory. 
here  the  ic«-sheet  can  be  proved  to  have  passed  atiiwart  the  escarp- 
EQt*,  and  full  against  their  scarped  faces,  it  could  not  have  been  the 
ntie  ortf^nating  them.  However,  the  striated  and  nioufonnifed  rock 
rface*,  transport  of  boulders,  etc,  agree  in  recording  that  the  ioe 
nved  ^oui  the  west  in  a  direction  safliciently  near  the  K.N.E.  strike 
the  ridges  to  favour  Mr.  (ini.iiii.liilil "^  tiiuory  in  a  high  degree.  In 
least  later  glacial  t\\i\>.\~  a  ri  rwCwi  ildii^iiity  of  flow  tended  against 
•  — rpecl  i^ea,  but  as  rook-mai-kingB  t^  of  bnt  tbe  I^wr  aim  lart 
■Mfioo,  ui  ^lowsaoe  must  be  made  aod  tlte  oamcAAaaaa  awwmad 
I  ooaplete.  Tba  harder  li&ea  of  bedding  mart,  therrfor^  haT» 
itbatrnd  erosion,  and  the  lofler  yielded  to  it,  and  assuming  a  plane 
irface  to  begin  with,  the  result  might  somewhat  have  resembled  the 
resent  featuring ;  though  whether  so  much  sharpness  of  outline 
Mild  have  been  attained  is  more  than  questionable. 
In  proceeding  further  it  will  be  necessary  to  summaiize  Mr.  Oood- 
tild's  evidence,  (1)  negativing  tbe  atmospheiic  disintegration  Uieory 
I  spplicflbla  to  the  terraced  outcrops  of  the  Yorkshire  limestones, 
od  (2)  supporting  his  theory  of  their  origin  by  glacial  erosion.  To 
lis  will  be  added  (3)  a  statement  of  collateral  difficulties  raised. 

1.  Negaliviag  the  Atmotpheric  Theory. — Except  near  the  outburst  of 
prings  there  is  but  little  disintegrated  rock  scattered  about  the 
mestone  outcrops.  The  dip-slopes,  instead  of  showing  excessive 
£tu  of  weathering  on  their  front  portions  first  uncovered  and  there- 
»re  longest  exposed,  seem  equally  weathered  over  the  whole  surface. 
he  swsJlow-holea  also  that  pit  the  inner  margin  of  the  slope  are 
rcnlar  cavitiee,  not  trenches  lengthened  in  the  direction  of  dip- 
ope;  they  have  therefore  originated  where  they  are.  Glacial 
Tatches  occur  within  a  few  feet  of  the  present  outcrop  of  shales 
id  limestones,  thus  putting  a  close  limit  to  the  amount  of  denuda* 
Ml  accomplished  post- glacially.  The  extreme  slownesa  of  at- 
ospheric  disintegration  is  proved  by  a  comparison  of  the  gradual 
cession  of  a  waterfall  with  that  of  the  steep  sides  of  the  gorge  it 
tves.     In  one  extreme  case  the  former  receded  40  feet  to  the  1^  ft. 

each  side. 

2.  Supporting  tie  Olacial  Theory. — The  development  of  the  strata 
sandstone,  limestone,  and  shale,  is  not  in  the  ratio  of  their  durability 

ider  atmospheric  disintegration,  but  as  their  resistance  to  mechani- 
lly  grinding  force.  Under  the  former  agent  limestone  ranks  lowest, 
ring  to  it*  comparatively  great  solubility  in  acidulated  water; 


I 
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under  the  latter  it  stands  foremost^  as  it  aooordingly  does  in  feafconil 

prominence. 

3.  Collateral  Difficulties. — The  regalarity  with  which  the  terraoMT^ 
extend  along  the  Dale  sides  and  their  correspondence  on  opponit' 
slopes. — Their  perfection  at  considerable  heights  up  the  sides.— Th#- 
pcrsistence  with  which  they  follow  a  disturbed  bed  "  through  all  ifci* 
variations  of  position  and  inclination." 

Most  of  these  points  apply  with  equal  force  to  the  Northnmbei^ 
land  district  of  Toredale  rocks  which  has  come  under  my  ohaemm^' 
tion,  thus  affording  an  additional  proof  of  the  identity  of  the  ph^ 
nomena  in  the  two  districts.  But  in  Northumberland  they  avs 
attended  by  a  sufficiency  of  convincing  proofs  that  the  escarpmenti 
— terraced  or  otherwise— are  of  pre-glacial  origin,  and  by  an  ezplft- 
nntion  of  most  of  the  difficulties  I  have— correctly,  as  I  trust — sam- 
marized.  To  state  these  in  detail  is  the  object  of  this  communication^ 
in  which  I  am  perforce  more  local  and  special  than  Mr.  Goodchild 
found  it  necessary  to  be. 

1.  Proofs  of  the  Pre- Glacial  Age  of  the  Escarpments  Afforded  by  Hmr 
Itelattons  to  the  Drainage, —The  general  relations  of  the  drainage 
system  to  tlie  ranked  lines  of  escarpments  among  which  it  ramifies 
strongly  suggest  their  pre-glacial  origin.  Evidently  no  high  barrier- 
ridges  existed,  to  coerce  the  waterflow  along  single  lines,  or  to  pond 
it  by  sudden  obstructions.  There  is,  it  is  true,  a  tendency  to  prefer 
the  intermediate  hollows,  as  if  the  present  configuration  had  been 
faintly  marked  out — though  in  a  degree  perhaps  only  appreciable  to 
the  unerring  selection  of  water — when  channels  were  first  sought. 
But  it  is  the  larger  gradient — that  to  which  the  summit  lines  of  the 
escarpments  themselves  give  the  index — that  determines  the  general 
direction  of  flow ;  and  between  the  stream  crossing  the  ridges  at  right 
angles  and  almost  ignoring  their  presence,  yet  occasionally  deflected 
along  a  furrow,  and  that  occupying  single  grooves  for  long  distances 
but  now  and  then  shunting,  as  it  were,  its  line  of  flow,  there  is  a 
graduating  series  of  zig-zag  courses,  in  which  the  furrow  line  tends 
more  and  more  to  subtract  from  the  gap  one.  This  d  priori  proba- 
bility is  well  borne  out.  1st.  There  is  no  evidence  that  the  stream 
waters  were  dammed  back  by  the  escarpments  now  breached.  2nd. 
Streams  are  found  to  strike  across  escarpments  at  points  where — 
closing  the  gap — ^their  course  was  free  elsewhere.  8rd.  Occasion- 
ally a  transverse  gap  contains  a  glacial  deposit  or  gives  other 
evidence  of  its  pre-glacial  origin. 

A  single  stream  aifords  most  of  these  proofs,  that,  namely,  which, 
after  entering  and  threading  a  portion  of  the  tract  of  typical  escarp- 
ment development,  passes  by  the  village  of  Simondburn  on  its  way 
to  the  North  Tyne.  The  first  good  escarpment  encountered  by  it  is 
of  sandstone,  and  above  the  average  height  The  sides  of  the  gap 
slope  at  about  20°,  and  converge  pretty  directly  upon  the  stream, 
like  the  limbs  of  a  V  towards  a  blunted  apex.  The  height  (about 
50  feet)  is  sufficient  to  cause  no  mean  lakelet,  yet  neither  basin  nor 
peat-moss  (of  which  there  are  numbers  in  the  neighbourhood)  fronts 
the  gap,  nor  do  the  stream  sides  expose  laoustrine  deposits :  10  or 
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Mabow  if  f^aeul  drift  is  indicated.    A  few  yards  farther  east 
npnent^  thongh  gapped  at  its  maximiim  height,  has  sunk  oom- 
dmm,  tlia  feature  being  menged  in  a  peat-moss,  the  surface  of 
ftikUiA  out  by  -vegetable  acoumnlation  as  it  is,  is  yet  con- 
below  the  aommit  of  the  ^p.    The  stream  had  thus  only 
B  A  little  further  to  obtain  a  coarse  onimpeded.    It  u 
to  add  that  this  gap,  nnlike  the  great  majority,  is  trayersed 
of  aonie  15  feet  throw ;  but  agreement  will  probably  snb- 
glaoialiats  and  snb-aerialists  that  a  dosed  or  nearly 
&Dli,  cioaaod  at  right  angles  by  a  glacier,  could  offer  no 
fiir  tbe  ezeision  of  a  narrow  notch.    That  the  point  of  weak- 
slMmld  liaTo  been  chosen  when  the  escarpment  was  in  its  in* 
taey  OTplainit  ereiything. 

JRMsing  down  with  the  stream,  we  find  it  borne  along  the  base  of 

As  Best  eacaxpnient  for  fully  a  mile  contrary  to  its  destination,  when 

ft  dooblea  throng^  another  gap.    This  it  is  necessary  to  describe 

iwfaat  more  aooorately.    l^e  feature  crossed  is  of  a  compound 

;  and  no  faolt  exists.    From  the  middle  point  of  a  line  drawn 

the  f<»efn>nt  of  the  gap  to  the  end  of  the  dip-elope  at  the 

aide  is  a  diatance  of  280  yards,  and  rather  more  than  100 

jHda  within  the  former  an  exposed  face  of  'till'  of  the  usual  type 

(witii  aciatched  stones  partly  local,  partly  of  western  origin)  slopes 

^  from  the  water's  edge.    About  25  yards  further  in,  rock  is  seen 

«a  both  sides,  and  the  breadth  of  the  gap  determined  thereby  at  50— 

60  yards  from  brow  to  brow,  the  slope  of  the  banks  varying  from 

30^  to  23^.     That  this  is  a  pre-glacial  gap  in  an  escarpment  demon- 

ttrated  as  also  pre-glacial   is   a  fact  which   admits   of   no  doubt. 

Glacial  markings — ^nearly  coinciding  with  the  trend  of  this   and 

other  escarpments — occur  just  half   a  mile   distant,    and   nothing 

intervenes  to  modify  the  line  of  motion  there  indicated.     Neither — 

1  mast  add — does  the  gap  present  coomb-like  features ;  it  is  a  simple 

notch  rasped  out  by  pre-glacial  stream-action,  in  the  shelter  of  which 

—while  glaciers  swept  over  and  by  it — debris  lodged. 

Passing  on  yet  again,  we  are  carried  half  a  mile  nearly  parallel 
bat  contrary  to  the  westward  deflection  terminated  as  just  described, 
and  then  find  the  stream  deviating  to  slide  through  a  third  gap. 
This  presents  mainly  the  features  which  the  other  two  have  in 
common.  The  point  chosen,  however,  is  that  of  a  local  deterioration 
m  tbe  bedding  of  a  sandstone  which  advances  and  rises  on  either 
baud  into  crags.  The  gap  thus  terminates  a  wide  angle,  into  which 
tbe  dip-slope  of  the  inferior  bed  thrusts  itself  like  the  point  of  a 
broad  knife  towards  its  sheath.  Of  this  I  will  only  say :  1st,  a 
glacier  would  have  left  not  an  angle  but  a  curve ;  2nd,  the  stream 
was  not  compelled  to  cross  here ;  and  3rd,  there  is  nothing  to  show 
that  its  course  was  ever  obstructed  previous  to  forcing  a  passage.^ 
The  course  of  the  Crook  Burn — aptly  so  named — is  nearly  along 

'  Exceptional  cases  occnr  in  which  such  ponding  did  take  place.  In  these  the 
nterflow  found  itself  barred  hy  accumulations  or  intercepted  Dy  hasins,  neither  of 
wluch  ensted  before  the  Glacial  Period. 
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cne  line  of  icnke  for  the  sezs  cwo  mile^  but  w«  need  follow  it  no 

hf:i\T^  qtnrtmjT  tEiA  porrioa  of  che  cobject,  I  may  adduce  om 
cr'r^^T  proof  'jf  the  pR-^iicciI  ori;^  of  g^{ja  —  deriTed  from  the 
W:::zuiiL  Thu  FietiTrir  djke  is  intemxpced  bj  nomeroiis  nanow 
iU^Zr^lied  hnaia  hijC  wsaaRj  scmm-cnTened.  The  edges  of  thcaw 
e^p*K-iaIlT,  I  tLizik.  thcee  opposui^  the  glacier — bear  the  charecterutie 
ro<A«i  wumiomme^d  aspect ;  wcile  the  interii3r%  Ijing  oat  of  the  leaoh 
of  a  planing  agent,  are  nntoischisd.  The  bearing  of  this  fiMSt  upon  the 
present  qae^tion  canni>€  he  miscikefi. 

2.  Relaiicma  of  the  EtcarpwumU  to  Glaa4d  Ertmon, — ^The  escarp- 
ment^ as  already  stacal,  are  by  no  means  of  equal  developmoDft 
sd'-m^  their  line  of  strike.  S^metimeft.  when  &TOured  by  the  con* 
Btitution  of  the  rock,  they  stand  boUIy  oat ;  but  anon  the  bedding  ex 
textare  alters,  and  they  lower  and  sabeide— often  being  temporarily 
lost  altogether.  Eren  the  best-marked  escarpment  is  thus  separated 
up  into  segmented  portions,  which,  in  generaL  present  in  front 
view  an  arched  outline — a  roonded  middle  development  sloping  or 
curving  down  east  and  west  Bearing  in  mind  that  the  glacier 
pSLSsed  eastward  nearly  along  the  axis  of  each  escarpment,  it  will  be 
reniarked  that  we  have  here  the  conditions  most  favoarable  to  the 
formation  of  mouiomnetd  outlines ; — of  a  long,  smooth,  sorely  abraded 
side  facing  the  glacier,  and  a  steeper  sheltered  one  averted  from  it. 
It  is  a  fact,  nevertheless,  of  strikingly  constant  recurrence,  that  the 
segments  described  turn  their  steeper  slopes  westward,  the  acclivities 
opposed  to  the  glacier  often  being  so  abrupt  as  to  remind  one  of 
sloped  gables.  This  fact,  apparently  unconnected  with  any  peculiarity 
of  internal  rock-structure,  I  believe  to  be  explicable  by  the  prevailing 
westerly  winds  causing  excessive  weathering  and  more  rapid  reces- 
sion on  that  side ;  for,  as  the  dortuni  of  each  segment  is  the  most 
massive  and  durable  portion  of  the  bed,  the  frequent  beat  of  the  rain 
swept  eastwards  must  eat  further  in  towards  the  solid  core  of 
rock,  the  slope  thus  weathered  partaking  more  of  the  abruptness  of 
the  escarpment's  middle  face.  How  exposed  that  western  side  is  to 
the  battering  of  the  elements,  many  old  buildings  amply  testify. 
1*he  eastern  side  may  be  comparatively  smooth  and  even,  each  block 
rectangular,  and  some  tool-marked,  and  the  mortar  nearly  continuous 
between  surfaces;  while  the  western  side  is  deeply  weather-scarred — 
the  stones  projecting  in  rounded  bosses,  and  bounded  by  crevices, 
whence  mortar  has  been  removed.  The  material  disintegrated  from 
the  Ktones  of  the  westward  face  of  the  old  peel-tower  of  Ghipchase 
Castlo  (date  about  1280)  must  amount  to  several  ounces  apiece, 
while  decay  has  scarcely  touched  the  sheltered  sides.  To  the  same 
cause  the  feature  above  described  may  probably  be  imputed,  but  in 
any  case  it  gives  no  countenance  to  the  theory  of  the  glacial  origin 
of  escarpments. 

Assuming,  however,  that  such  was  their  origin,  that  each  escarp- 
ment was  progressively  developed  by  the  removal  by  ice  of  a  softer 
bed  covering  it,  the  portion  of  the  dip-slope  latest  bared  would 
necessarily  be  saved  vast  erosion,  of  which  the  brow  bore  the  ftdl 
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\noL  The  profilee  of  the  longer  dip-slopes — ^in  the  case  of  the 
WUnsQI  ipmetimea  exceeding  700  yards — would  therefore  be  foand 
ti  thin  towairds  their  soarped  face  like  the  blade  of  a  oarpenter's 
dUML  towards  its  edge*  except  probably  more  cnnred  in  outline. 
When  quarried  or  ont  into  along  the  line  of  slope,  the  dip  of  the 
Ma  might  eyen  be  seen  to  exceed  the  angle  of  the  declivity.  Bat 
teggli  opportunity  and  observation  have  not  been  wanting,  I  have 
found  this  to  be  the  case.  The  front  of  a  sandstone  escarp- 
it  sometimes  attests  the  tendency  in  being,  not  sqnared,  bat 
Mmded  off,  like  one  side  of  a  roehs  moutonnie*  The  extent  to 
lAoA  this  ooonrs,  however,  scarcely  bean  oat  the  views  of  extreme 
^boaliats^  though  something  mast  be  allowed  for  the  sabseqaent 
veathering  of  the  escarpment 

Having,  as  I  think,  given  good  reasons  for  dating  the  escarpment 
wrstum  of  West  Northumberland  back  to  a  period  anterior  to  the 
fflaoial  epoch,  I  will  pass  to  a  consideration  of  the  proofs  and  oh- 
jeodons  advanced  by  Mr.  Ooodchild. 

In  stating  the  order  of  resistance  of  the  Yorkshire  Toredale  rocks 
to  mechanical  erosion,  as  1  Limestone,  2  Sandstone,  3  Shale,  Mr. 
Goodchild's  grounds  are  probably  indisputable.     But  it  seems  to  me 
qnite  otherwise  with  his  conclusions  regarding  their  durabiTity  under 
itmospheric  disintegration.     In  the  clifTy  faces  bared  at  the  angles 
of  a  winding  stream,  strata  of  sandstone,  limestone,  and  shale  are 
•ometimes  exposed  in  such  a  manner  as  to  exhibit  their  respective 
relations  to  weathering.     The  face  of  the  beds  of  shale  is  invariably 
concave,  while  sandstones  and  limestones  of  equal  thickness  project 
about  equally.*      Their  durability  is  usually  directly  in  proportion 
to  their  thickness.     A  limestone  compared  with  a  sandstone  double 
18  thick  is  found  to  have  shrunk  further  back,  but  is  in  advance  of 
sandstones  thinner  than  itself.     So  far  as  this  evidence  can  be  relied 
on,  it  distinctly  negatives  Mr.  GoodchiliVs  proposition  that  sandstone 
IB  notably  the  most  durable,  that  second  to  it  comes  shale,  while  lime- 
stone,  subject  at  once  to  disintegration  and  dissolution,  is  more 
destructible  than  either. 

The  two  kinds  of  reducing  atmospheric  agents,  classed  as  mechani- 
cal and  chemical,  can  scarcely  be  assumed  as  mutually  complementary 
in  their  working,  especially  in  regard  to  blocky  limestones  such  as 
those  of  Wensleydale.  Chemical  action  corrodes  the  outsides  of  the 
cnboidal  masses,  and  by  widening  the  joints  retards  the  great  agent 
of  mechanical  disintegration — frost — in  its  work  of  sundering  en  bloc, 
for,  from  the  non-granular  texture  of  these  limestones,  frost,  as  de- 
taching particle  by  particle,  can  gain  little  hold,  and  hence  the  chief 
planes  o]>en  to  it  are  those  of  jointage  and  stratification,  which 
together  determine  the  rock  into  squared  masses.  A  stage  may  be 
reached  at  which  frost  is  impotent  to  achieve  much,  and  the  limestone, 
built  up  of  loose  blocks,  may  be  compared,  not  inaptly,  to  a  "  dry 
•tone  dyke,"  said  to  be  the  most  lasting  kind  of  wall  for  upland 

>  In  man  J  case*  the  two  harder  beds  are  so  rapidly  undermined,  owing  to  the  hollow- 
ing oat  of  the  shale,  as  to  have  little  chance  of  becoming  weathered  to  any  great 
extent. 
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districts,  and  can  then  be  attacked  cbiefly  by  the  dissolving  action  of 
soft  water — action  distributed  along  the  lines  of  jointing  to 
depths  below  the  outcrop.  The  sandstones,  on  the  other  hand, 
exposed  to  frost  not  only  along  their  (more  irregular)  joints,  but 
grain  by  grain;  while  the  calcareous  and  felspathio  elements  aM 
liable  to  be  reduced  and  abstracted  by  chemical  action,  with  the  efbot 
of  loosening  the  texture,  rendering  it  porous,  and  thus  giving  froat  a 
better  grip. 

For  these  reasons  it  is  open  to  doubt  whether,  bed  for  bed*  ilie 
Yoredale  limestones  are  much  more  rapidly  removed  than  the  saod* 
stones.  But  the  chances  of  a  bed  making  a  good  escarpment  an 
directly  in  proportion  to  its  thickness,  which  in  Yorkshire  favoan 
the  limestones,  in  the  T^nedale  area  the  sandstones.  In  this  I 
believe  lies  the  explanation.  Just  as  in  the  stream  section,  whera 
sandstone  and  limestone  projected  or  retired,  according  to  their 
several  thicknesses,  so  I  believe  it  to  be  in  regions  where  these 
rocks  crop  out  in  a  manner  favouring  escarpment  development 
And  as  the  system  for  limestones  with  grits  in  the  south,  and  sand- 
stones with  limestones  in  the  north,  is  a  dovetailing  one,  there  is 
probably  some  intermediate  tract  of  equal  development  where  both 
are  favoureil  alike.^ 

In  nearly  all  cases  shale  is  inferior  in  durability  to  the  other  two, 
and  where  interlined  even  with  thin  courses  of  sandstone  or  lime- 
stone, shows  a  retreating  outline,  whether  under  escarpments  or  in 
stream-cut  sections ;  and  this  not  only  where  reached  by  spray,  bnt 
in  every  shaly  slope  not  smothered  in  debris.  In  certain  cases, 
however,  it  is  apparently  durable,  as,  for  instance,  where  it  is  backed 
up  by  harder  rock,  and  permitted  to  assume  slopes  or  to  sink  into 
hollows  favouring  preservation  and  encouraging  a  conservative 
covering  of  vegetable  growth.  In  these  cases  the  denudation  of 
the  framework  of  harder  beds  by  atmospheric  action  may  be  said  to 
measure  that  of  the  shale. 

The  difficulties  and  objections  raised  by  Mr.  Goodchild  to  tbe  dis- 
integiation  theory  can  perhaps  best  be  treated  of  under  two  heads. 

1.  I'hose  affecting  the  character  and  rate  of  disintegration  of  rocks. 

2.  Those  drawn  from  the  local  development  of  the  outcrops. 

1.  With  the  view  of  proving  the  incompetency  of  atmospheric  dis- 
integration to  cause  great  results,  Mr.  Goodchild  gives  measurements 
of  blind  gorges  teimiuating  in  waterfalls  in  which  the  recession  of 
the  fall  is  contrasted  with  that  of  tbe  sides  of  the  gorge.  It  seems  bnt 
a  fallible  test,  however,  to  compare  tbe  wearing  back  of  the  latter 
througli  tbe  crumbling  waste  of  rain  and  frost  with  that  of  a  waterfall 
eni])loying  all  the  tools  of  subaerial  denudation.  In  comparing  gorge 
with  gorge,  moreover,  the  mean  annual  volume  of  water  would  re- 
quire in  all  cases  to  be  ascertained  ;  while  tbe  nature  of  the  rock, 
varying  even  in  the  same  material,  and  apt  to  be  infinitely  compli- 
cated I)}'  combinations  of  several  kinds  of  i*ock,  would  present  a  for- 
midable obstacle  to  tbe  attainment  of  trustworthy  results. 

1  That  this  is  the  case  is,  I  think,  indicated  in  Phillips's  Geology  of  Yorkihiiti 
Bection  J^hyaical  Geography, 
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)  it  to    be  possible,  however,    by   selecting  only  suci 
ftro  post-glacial,    to   arrive  ftt   results   of  some   \-alue: 
lowing    the   actual   amount   of   the    scarp    removed   since 
'  Period  :   and   2nd,   as  a   means    of  comparison    between 
me   and   limestone   under  weathering.      I  give   the  follow- 
>re  to  illustrate  my  meaning  than   na   oon- 
n  the  aubjeot,  which  no  single  instance  can  be.     The  cases 
1  from   tlie  neighbourhood  of  the  village  of  Birtley,  North 
!.     A  is  ft  post-glacial  gorge  in  eandstone  and  shale,  oc- 
il  bj  a  stream  vigorous  at  least  in  winter,  aud  doubtless  rapidly 
thening.     B  is  a  short  limestone  gorge  terminating  in  a  rocky 
_  J  now^  dry,  but  in  the  "Bain  Period"  sueceeding  the  Glacial 
K{^>cb,  and   even  during  the  extension  of  the  forests  swept  away 
I   the    Roiuau  El's,  doubtless  containing   its  waterfall.      Tliis 
I,  so  far  as  it  goes,  shows,  1st,  that  since  the  Glacial  Feiiod 
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die  waterfall  of  A  has  cat  back  190  feet,  while  from  each  side  18  feet 
lui  been  disintegrated ;  and  indicates,  2nd,  that  the  receseton  of  a 
Umeetone  scar  from  atmospheric  disintegration  has  been  to  that  of 
a  Kar  of  sandstone  and  shale  as  19  is  to  18. 

Hioiigh  1  adduce  these  instances  as  in  some  degree  bearing  out 
my  views,  I  regret  that  North  Tynedale  does  not  afford  the  materials 
fiw  satiH facto rily  working  out  the  question,  which  must  1: 


■.  Good- 


c  diaintegra- 
mplished 
expected 


in  a  district  supplying  several  insttutces  of  both  kinds. 
ohild's  method  may  then — with  the  amendations  above 
lead  to  definite  and  interesting  conclusions. 

One  fact  is  sufficiently  cleur,  namely,  tbat  atmoapherii 
tion  is  on  agent  so  gmdual  that  little  can  have  been 
bj  it  in  post-glacial  limes.  Accordingly  it  is  only  b 
iat  the  quantity  of  debris  strewn  about  the  escarpments  should 
never  be  very  great.  In  this  respect  there  is  indeeil,  a  marked 
dilerenoe  between  the  sandstone  and  the  limestone  outcrops  of  West 
Korthumberland.  The  former  are  sometimes  consiilerahly  ruined; 
tbe  latter  are,  on  the  oontrary,  so  free  from  dislodged  fragments  that 
itis  i&re  to  find  many  togt;ther.  This  fact  explains  the  paucity  of 
debris  remarked  by  Mr.  Goodehild  for  the  Yoiksbire  terraces.  The 
iiolated  pieces  toppled  from  the  limestone  scars  are  even  more  ex- 
posed to  reducing  action  than  while  in  situ,  while  the  opposite  is 
probably  the  case  with  sandstone  debris.  It  is  to  be  remarked,  too, 
Siat  sandstone  escarpments,  even  when  standing  over  a  pile  of  fallen 
blocks,  give  no  signs  of  becoming  buried  in  their  own  ruin.  On  the 
eratrary,  the  mure  rapid  the  dislod^msnl  and  tbe  la^i  the  majweft,  tba 
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more  clearly  do  the  mnral  planes  stand  forth.  With  regard  to  flu  ■ 
absence  of  severe  weathering  in  front,  alleged  by  Mr.  G<K>dohiIdr 
it  is  certainly  wonderfully  inconspicuous ;  but  I  have  shown  that  to 
accept  the  glacial  hypothesis  is  by  no  means  to  get  rid  of  the  dHB-' 
culty.  Glacial  erosion  may  well  have  been  sufficient  at  lenrt  to 
remove  any  ragged  ness  of  surface  or  edge  that  may  have  beai,'. 
leaving  smoothly  dressed  surfaces  for  weathering  to  commenoe  afioili . 
upon. 

When  the  strata  are  free  from  superficial  deposits,  the  swalloir-- 
holes  observable  in  the  Northumberland  limestones  resemble  thoM 
of  Yorkshire,  as  described  by  Mr.  Goodchild,  in  usually  bordering 
the  foot  of  the  dip-slope.  They  are  circular  pits  of  the  shape  of  a 
common  filter,  and  although  in  most  cases  the  circle  is  indented  on 
one  side  by  the  feeding  runnel,  they  exhibit  no  great  tendency  to 
lengthen  out  into  trenches,  even  when  copiously  fed  with  pealj 
water.  The  amount  of  limestone  removed  from  the  external  orifioe 
is  usually  very  trifiing,  seldom  exceeding  a  foot  or  two  in  diameter. 
Indeed,  judging  from  the  dissolution  effected  in  these  cases  by  water 
acting  under  very  favourable  conditions, — namely,  well  charged  with 
carbonic  acid  and  constantly  renewed, — it  might  well  be  thought  that 
the  liability  of  exposed  limestone  surfaces  to  dissolve  has  been  over- 
estimated. From  the  frequency  with  which  new  swallow-holes  ara 
formed,  I  believe,  however,  that  they  either  are  temporary  and  liable 
to  1)0  discarded  and  filled  up,  or  that  they  are  of  very  recent  origin. 
There  is  certainly  no  proof  that  any  of  them  are  pre-glacial,  and 
from  their  inconsiderable  depth,  seldom  over  ten  feet,  they  could  not 
be  expected  to  have  weathered  the  Ice  Period.  It  is  impossible  to 
affirm,  then,  that  in  pre- glacial  times  they  did  not  witness  more 
strongly  to  atmospheric  denudation  than  they  now  do ;  the  vertical 
fissures  exposed  in  limestone  quarries  may  well  have  given  rise  to 
swallow-holes  atop,  which  travelled  back,  in  the  manner  required 
by  Mr.  Goodchild,  as  the  covering  of  shale  was  cut  into. 

The  relation  of  springs  to  the  escarpments,  although  interesting, 
I  will  not  enter  into.  I  am  not  aware  that  they  are  regJirded  as 
other  than  interferences  with  the  regularity  and  sharpness  of  scarped 
outlines,  still  less  as  productive  of  symmetry  such  as  frequently  meets 
the  eye  in  Wensleydale.  In  Northumberland  coomb-like  features 
are  produced  occasionally  around  their  outburst,  though  of  course  in 
miniature. 

Passing  now  to  the  features  of  local  development  of  the  Yorkshire 
terraced  escarpments  cited  as  difficult  of  explanation,  two  of  these 
are  jnohably  stnted  aa  adverse  only  to  the  fluvial  theory  of  the  terrace- 
formation,  and  may  be  dismissed  with  a  word.  That  scars  should  be 
in  correspondence  on  opposite  sides  of  a  dale  is  duo  of  course  to  the 
regular  extension  of  the  beds  across  the  intervening  space  now  ex- 
cavated. Where  the  duplicate  faces  happen  to  crop  out,  there  will 
the  terrace  rise  into  relief.  The  same  reason  applies  to  the  persist- 
ence of  the  scars  in  accompanying  disturbed  beds  "  through  all  their 
variations  of  position  and  inclination."  On  the  Glacial  Erosion 
hj^potheais,  such  sloped  outcrops  would  be  related  to  a  glacier  moving 
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^  tlie  strike  either  aa  the  »Io»b  or  the  lee  flide  of  a  roche  vwuionnie, 
become  moulded  accordiuglj.     This,  so  far  os  I  know,  is  not 

11»e  greater  perfection  of  the  Dale  terraceR  at  high  altitudes  is 

tietlj  pamOcled,  I  think,  by  the  boliler  character  of  the  escarp- 

'    OD  the  watorehed  of  Northumberland  betwixt  the  TyneB,  and 

leptible  of  the  aame  explanation.     I'ha  influences  of  rain  and 

shed  broadcast  over  the  faoe  of  the  country,  are  at  higher  loveia 

interfereil  with  by  the  concentrated  and  rapid  agents  of  denuda- 

d  are  thus  permitted  to  prick  out  a   configuration  purely 

led  by  the  relative  resistance  of  tho  materials  acted  u]ion. 

the  Yorkshire  Dales,  too,  the  lower-lying  soars  have  probably 

smoothed  back  by  the  ice  with  which  they  brimmed  during  tlio 

iai  Period,     The  Talleys  necessarily  added  their  own  depth  to 

ti>icknes8  of  the  ice-eheet,  and  taking  the  case  of  one  SOO  feet 

the  erosive  force  acting  on  the  bottom  would  be  243,000  lbs.  per 

yard  '  greater  than  the  pressure  on  the  summit  of  the  valley 

In    the  beautiful  basin   cnntaining  Loch  Semerwater  (near 

■bridge,  Wensleydftle),    1   had   remnrked   the  obscurity  of  the 

>n-a>:es  on  ihe  lower  slopes.     Tho  glacier  force  concentrated  in  tlio 

Hc.iv-i'i'-'ii   of  tlie  k'ch  muwt  have  oitcmlcd  some  diBtonce  up  the 

iUes  planing  the  outcrops  back,  but  high  on  the  west  side  they 

Maud  out  with  great  individuality  and  in  form  almost  rectilinear. 

HsTing  thus,  as  I  think,  met  Mr.  Qoodchild's  arguments,  I  will  in 
rakoIudiDg  epitomize  the  opinion  for  which,  aa  for  much  else,  I  was 
fint  indebted  to  the  vigorous  teachings  of  the  honoured  author  of  the 
"Physical  Geology  and  Geography  of  Great  Britain."  Tho  question 
is  not.  How  quick  will  an  escarpment  recede  when  once  formed? 
but,  Given  a  series  of  regularly  outcropping  sandstones,  limestones, 
•od  shaleB  in  marked  beds,  what  form  will  their  outcrop  in  time 
iMDme?     And  I  think  there  can  be  no  doubt  of  the  form  they  mtut 


"ViBiB  Dti  Fahha  deb  Gaskohle  dxs  Pilsker  uhd  Rasomit- 
ZEE  BiscKENfi."  Db.  Anton  Fbi^.  Sitzung  der  Mathematisch- 
naturwissenschafUichen  Classe  der  k.  bohm.  Gesellschaft  der 
WisaenBchaften  am  19  Marz,  1875. 

IN-April,  1870,  Dr.  Fritsch  gave  a  notice  to  the  Royal  Bohemian 
Academy  of  the  occurrence  of  animal  remains  in  the  Qas-coal 
of  Nyran  near  Pilseu,  &om  which  deposits  ho  enumerated  ten 
q)ecies  of  Saurian  remains.  Fishes,  and  Arthropoda.  Since  then  the 
Utkor  has  collected  new  materials,  and  has  studied  the  specimens 
BMre  in  detail.  Still  more  reeei\tly  he  has  obtained  a  rich  series  of 
icniains  from  the  Gaa-ooal  of  Kounova,  near  Kakouitz,  which  exhibits 
1  fiiuna  identical  with  that  of  Nyfan.  Of  these  localities  he  now 
Iniefly  enumerates  the  series  of  remains.  He  considers  hia  researches, 
'  TjndsU,  Phil.  Mag.  1864,  part  ii.  p.  286. 
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however,  as  still  inoomplete,  but  he  publiahea  the  preliminary  n^ 
BiiltB,  DU  acconnt  of  the  great  intereBt  which  attaches,  at  the  preaent 
tnoiuent  to  the  queatioii  of  the  probable  age  of  these  depoeita. 

Vegetable  remains  from  the  Coal-sbales  are  somewhat  raro.     Bat 
large  Gatyoliiket  and  pyritized  stems  of  F»aroni\a  bare  beeo  obtained,    '_ 
-which  require  a  more  detailed  examination  before  they  caa  be  d^ 
scribed. 

From  the  subjoined  synopsis  it  appears  that  the  locality  of  Nyisn 
fDmishes  twenty  speoies,  that  of  Konnova  thirty  species  of  amnuJ    ■ 
remains  ;  only  five  speciea  are  common  to  both  looalitiee. 

In  the  Permian  of  Bohemia  only  four  of  these  ooour  (see  tlia 
table). 

Tn  comparing  the  Coal-measnres  of  Bohemia  with  those  of  Sa>r> 
bruch,  Bhenish  Prussia,  only  a  few  of  the  species  appear  to  btt 
common  to  both,  namely  Aeaniliodet,  Palaoniteue,  and  OampitmgekiUi 
whilst  Amblyplerw  is  absent,  and  the  Arehctgotaunu  of  Lebaohf 
Bhenish  Prussia,  is  represented  in  Bohemia  by  a  distinct  type.  Dr. 
Frilsch,  however,  does  not  consider  his  researches  suffioiently  oom- 
plete  at  present  to  decide  the  relative  age  of  these  deposits. 
Tabulak  Vonr  or  thi  Ahuul  Bbkaiks  niiUBKTO  DUOOTUtsn  nr  thb  CoUf 
BHALBi  or  Ntuh  utd  EovnotI,  BoasMU. 
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I  la  IE]  V  I  E  "VT- s . 

r^KTBOCBAfHtSCBK  StPDIBM  AN   DEN  BaSALTOESTEINKS  ButlMENS. 

V  pp.  294,  with  8  ooluuied  li t hog r-ip hie.  plates. 
■kooaAPHiscBX  Studikn  an  dkk  PaoNoLtTnoesTEiHSN  Boeuens, 
*  pp.  95,  with  2  coloured  lithographic  plates.  By  Profeasor  Dr. 
ExAXCEL  BoRioET.  (Arcliiv  fiir  der  naturwiesenachartliche 
Landeiidurch-forauhung  von  Bohmen,  vols,  ii.  and  iii.  1873— t) 
1HG  jouniftl  in  which  these  valuable  monographs  are  published  is 
.  perhaps  not  so  widely  known  among  English  cultivators  of  (lie 
ktnral  Boietioes  as  it  well  deserves  to  be.  Puhlislied  in  both  tlie 
Kch  uid  Qerman  lan^iages,  under  the  direction  of  committees,  of 
dent  «nd  enthusiastic  naturalists,  having  their  head-quart«r8  ia 
ngne,  it  contains  the  record  of  niiruerous  original  investigatiima  on 
■  topography,  geology,  palseontology,  botany,  and  zoology  of 
aliemiA;  and  we  oannot  but  congratulate  the  cultivators  of  the 
ttnral  history  sciences  in  that  country  on  the  important  oonlribu- 
JBS  which  they  are  making  towards  the  progress  of  sciynce,  and 
eir  snccees  in  illustrating  the  natural  features  of  their  own  very 
iteresting  country,  to  which  the  contents  of  these  volumes  hear  such 
npl«  testimony. 

The  striking  characters  presented  by  the  phonolites  of  the 
doanic  district  of  Northern  Bohemia  have  long  been  made  familiar 
>  geologists  by  the  descriptive  writings  of  Beusa,  Jokety,  Jensoh, 
ad  Hochstetter,  and  the  analyses  of  Rammelsberg  and  other 
bemists;  hat  it  was  reserved  for  Dr.  Boritsky  to  show  that  the 
•nits  of  the  same  district,  when  carefully  studied,  are  of  at  least 
qoal  interest,  and  surpass  indeed  the  similar  rooks  of  any  other 
rea  in  the  remarkaUe  diversity  of  characters  which  they  present 
I  ii  certainly  a  noteworthy  circumstance — to  which  our  author  draws 
ittention — that  the  whole  of  the  varieties  of  basalt  described  in  the 
Jusical  work  of  Zlrkel  on  the  "  Basaltgesteine  "  are  to  be  found  in 
Bohemia,  while  he  has  been  able  to  detect  some  new  and  interesting 
bnns  of  the  rock  which  are  quite,  new  to  petrologists. 

As  exhaustive  illustrations  of  the  rocka  of  a  particular  district, 
Ihese  monographs  of  Dr.  Boritsky  are  invaluable.  During  his  in- 
vestigation of  the  basalts  he  has  examined  more  than  1000  sections 
Wved  from  iOO  different  localities ;  and  his  conclusions  concerning 
tiie  phonolites  are  based  on  the  study  of  SXK)  sections  of  rocks  de- 
tired  from  120  localities.  But  a  very  inadequate  idea  of  these 
important  works  would  be  conveyed  by  merely  noticing  the  micro- 
wopical  studies  which  they  record.  Dr.  Boritsky,  who  is  an  accom- 
ilished  mineralogist  and  chemist,  has  in  every  case  combined  his 
nicToscopical  with  chemical  and  crystollographic  researches,  and, 
nere  than  all  this,  has  Bought  to  fi^low  up  the  resulls  of  his  re- 
MR^es  on  the  rocks  in  the  laboratory  by  investigating  their  rela- 
ions  to  one  another  in  the  field. 

The  monograph  on  the  Bohemian  basalts  commences  with  a  dis- 
union  of  the  optical  and  chemical  characters  presented  by  the 
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di£fereDt  mineral  species  whioh  are  found  in  these  rocks,  and  of  the 
means  by  which  they  may  be  best  identified  under  the  microscope. 
No  less  than  twenty -seven  species  or  distinct  varieties  of  miueialB 
have  been  detected  in  the^e  basalts, — namely  augite,  diopside,  horn- 
blende, diallage,  bronzite,  enstatite,  hypersthene,  biotite,  nibellane, 
oligoclase,  aadesine,  anorthite,  labradorite  (?),  nepheline,  lencite, 
haiiyn,  nosean,  garnet,  melilite,  olivine,  apatite,  magnetite,  hsdmatite, 
titanite,  picotite,  pyrrhotinc,  and  tachylite.  Where,  as  in  not  a  few 
instances,  microscopic  examination  alone  is  inadequate  for  the  deter- 
mination of  a  constituent  of  the  rock,  the  fact  is  candidly  admitted 
by  the  author,  and  chemical  or  other  methods  resorted  to. 

As  the  result  of  these  studies,  it  appears  that  the  Bohemian  basalts 
may  be  divided  into  six  classes,  which  Dr.  Boritsky  defines  as 
follows : — 

I.  Magma-basaliB,  consisting  of  a  glassy  basis,  through  which 
crystals  of  augite,  olivine,  and  magnetite  are  scattered.  The  fel- 
spathic  ingredient  of  the  rocks  h^  not  crystallized  at  all,  but 
remains  in  the  condition  of  a  glass  exhibiting  numerous  microliths. 
This  group  of  basalts  is  fuiiher  subdivided  by  the  author  into  a 
number  of  subordinate  varieties,  based  on  the  colour  of  the  glassy 
basis  and  the  size  of  the  crystals  of  the  embedded  minerals. 

II.  Nepheline-basalts, — ^In  these  the  magma,  in  which  crystals  of 
the  same  minerals  as  in  the  last  group  are  embedded,  shows 
indications  of  breaking  up  into  the  crystalline  forms  of  nepheline 
(nephelinitoid  basalt) y  or  finally  passes  into  a  distinct  aggregate  of 
ncplieline  crystals  (nephelintte).  lliis  rock,  like  the  last,  exhibits 
many  varieties  of  texture,  and  may  also  contain  greater  or  less 
proportions  of  nosean  or  haiiyn ;  and  on  these  grounds  it  has  heeai 
divided  into  a  number  of  subordinate  varieties. 

III.  Leuciie-Basalts. — This  rock  sliows,  in  a  manner  similar  to 
the  last,  the  gradual  passage  of  a  glassy  magma  into  leucite  and 
nepheline,  and  is  divided,  according  to  the  more  or  less  oomplete 
crystallization  of  its  basis,  into  leucttoid  basalt,  pepertno-basalt  and 
leiicitophyre ;  while  other  varieties  are  based  on  the  size  of  the 
included  crystals. 

IV.  Felspar-basalts, — These  fall  into  three  series : 

1.  Mela/phyre-basalty  in  which  the  basis  remains  to  a  great 
extent  in  a  glassy  condition. 

2.  Common  felspar-basalt,  in  which  the  felspathic  ingredient 
is  distinctly  crystallized  out ;  but  this  proves,  according  to  Dr. 
Boritsky,  to  be  oligoclase  or  anorthite,  and  seldom  or  never 
labradorite  I 

3.  Andesite  and  Phonolite-basalts,  in  which  the  basis  consists  of 
oligoclase  felspar,  with  nepheline,  leucite,  nosean,  etc. 

V.  Tr  achy -basalt, — In  tliis  group  of  basalts  olivine  never  occurs, 
but  the  mass  is  made  up  of  ci*ystals  of  orthoclase  and  oligoclase 
felspar,  and  of  nepheline  and  nosean  or  haiiyn,  among  which  are 
scattered  others  of  biotite  and  hornblende,  and  more  rarely  of  augite. 
The  proportion  of  silica  in  these  remarkable  rocks  only  reaches 
an  Average  of  45  per  cent.     It  will  be  seen  from  the  above  de- 
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sti^flBaam  Out  Dr.  Boritekj's  leaeandieay  though  oondnoted  quite 
Mcpemdently  of  thoae  of  Tom  Bath  in  the  Soathem  Tyrol;  and  of 
Snbo  in  Hnngaxy,  seem  to  lead  to  precisely  the  same  oondtunon  as 
fteiiB» — namely,  that  bat  little  importance  can  be  attached  to  the 
asppoMd  necessary  association  of  the  seyeral  fekpais  with  different 
mmmot  rooks. 

YL  Taehi^iie'haudL — ^When  the  basis  of  a  tradiy-basalt  assamoi 
a  glassy  textore^  the  Tsriety  to  which  Dr.  Boritsky  applies  the  above 
lame  is  oonstitated.  It  forms,  however,  only  veins  of  a  few  inches  in 
width,  or  the  sides  of  dykes  of  larger  size  composed  of  trachy-basalL 

It  mig^t  be  antidpated  from  the  peculiar  mineralogical  constitu- 
tion of  these  Bohemian  basalts  that  they  would,  in  their  chemical 
composition,  present  some  di£breDces  from  that  of  the  normal  rocks 
^  the  same  disss;  and  that  such  is  leally  the  case  is  proved  by  the 
inmeroQS  analyses,  made  by  himself  and  other  chemists,-  which  Dr. 
Boritsky  discusses  in  the  third  part  of  his  monograph. 

In  tbs  magmA-,  nepheline-,  and  leudte-basalts  the  per-oentage  of 
■lioa  is  exceedingly  low,  vaiying  between  34  and  iS  per  cent  only ; 
while  tiie  proportion  of  alkalies  is  high^ — ^namely,  from  5  to  10  per 
MDt  Our  spaoe  will  not  permit  us  to  enter  upon  the  consideration 
of  the  actual  quantitative  determination  of  the  mineralogical  consti- 
tation  of  the  various  rocks, — for  which,  however,  the  author  supplies 
approximate  estimates,  based  on  a  discussion  of  their  oxygen  ratios,  etc. 

In  the  succeeding  part  of  his  monograph.  Dr.  Boritsky  proceeds 
to  show  that  the  several  varieties  of  basalt  were  erupted  diiriog  dif- 
ferent stages  of  the  great  series  of  volcanic  outbursts  in  Northern 
Bohemia,  which,  commendng  with  the  Ob'gocene  period,  continued 
ilmost  down  to  recent  times. 

The  magma-,  nepheline-,  and  leucite-basalts  belong  to  the  earliest 
period,  and  form  the  great  lava-streams  and  tuffs  which  constitute 
the  plateaux  occupying  so  large  an  extent  of  country,  lliese  were 
rocceeded  by  the  different  varieties  of  felspar-basalts,  veins  and  in- 
trusive masses  of  which  are  found  penetrating  them  in  all  directions. 
Then  came  the  period  of  tlie  sporadic  phonolitic  outbursts,  which 
Dr.  Boritsky  justly  recognizes  as  rocks  extruded  in  a  viscous  or 
semi-solid  condition.  And  lastly  the  trachy-  and  tachylite-basalts — 
Teins  of  which  traverse  the  phonolites  and  other  older  masses — ^made 
their  appearance. 

The  author  is  further  of  opinion  that  a  relation  can  be  detected  as 
existing  between  the  prevalent  direetion^  of  the  dykes  of  basalt  and 
their  petrological  character  and  age.  Perhaps,  however,  further 
evidence  than  is  adduced  in  this  memoir  may  be  required,  before 
geologists  will  regard  this  conclusion  as  fully  established. 

Of  the  concluding  portions  of  the  monograph,  we  can  do  no  more 
than  mention  the  subjects  which  they  treat, — only  premising  that 
these  are  handled  with  the  same  thoroughness  and  ability  which 
characterize  the  earlier  parts  of  the  works.  In  the  first  place,  we 
have  an  examination  of  the  interesting  effects  of  local  metamorphism, 
produced  on  the  Cretaceous  and  other  rocks,  by  the  intrusion  of  the 
different  varieties  of  basaltic  rock  among  them ;  and  of  the  nature  of 
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the  minerals  produced  under  such  circnmstances.  And  this  is  fol- 
lowed by  a  discussion  of  the  nature  of  the  secondary  minerals  formed 
in  tlie  cavities  of  the  di£ferent  basalts  during  their  decomposition, 
and  of  the  relations  which  these  bear  to  the  several  original  oon- 
btituents  of  the  rocks. 

lu  his  monograph  on  the  Bohemian  phonolites,  the  author  follows 
the  same  general  plan  as  in  that  on  the  basalts ;  we  cannot,  however, 
do  more  than  notice  its  more  salient  conclusions. 

The  microscopical  and  chemical  characters  of  the  fifteen  species  of 
minerals  found  in  the  phonolites  are  in  the  first  place  discussed. 
These  minerals  are  as  follows  :  sanidine,  triclinic-felspar,  leucite, 
nephcline,  nosean,  haiiyn,  tridymite,  hornblende,  augite,  magnetite, 
titan ite,  pyrite,  spinell,  mica,  and  apatite. 

Tlio  variations  in  the  relative  proportions  of  the  two  principal 
constituents  in  those  phonolites  give  rise  to  a  regular  series  of  rocks, 
ranging  from  the  nepheUne-phonolites,  with  from  45  to  37^  per  cent. 
of  no2)heline  and  43  to  50  of  sanidine,  to  the  sanidine-phonoltteM, 
with  from  9  to  17  per  cent  of  the  former  mineral,  and  58  to  71  per 
cent,  of  the  latter.  Between  these  extremes  range  numerous 
varieties,  distinguished  by  the  presence,  in  greater  or  less  abundance, 
of  leucite,  nosean,  haiiyn,  and  oligoclase.  Of  such  principal  varie- 
ties Dr.  Boritsky  recognizes  no  less  than  eight,  and  he  shows  that  an 
api)roximation  to  their  mineral  constitution  may  be  arrived  at  from 
an  examination  of  their  specific  gravities,  their  behaviour  with  acids, 
and  their  sulphur  reactions.  As  in  the  case  of  tlie  basalts,  the  nature 
of  the  metamorphic  changes  produced  in  the  rocks  through  which 
the  phonolites  are  extruded  is  very  fully  discussed,  and  also  the 
nature  of  the  minerals  formed  in  their  cavities  during  decomposition. 

The  limits  of  this  magazine  notice  will  not  admit  of  our  entering 
into  any  further  details  on  the  subjects  treated  in  these  valuable 
monographs ;  but  we  may  add  that  the  coloured  lithographic  plates 
which  accompauj'  them  rank  with  the  very  best  illustrations  of  the 
microscopic  structure  of  rocks  that  have  yet  been  published. 

We  need  scarcely  add  any  remark  of  our  own  upon  the  importance 
to  the  geologist  of  such  detailed  works  on  local  petrology  as  that  we 
have  been  noticing.  When  we  possess  a  number  of  such  contribu- 
tions to  the  history  of  diiferent  volcanic  districts,  many  important 
l)roblenis — such  as  those  of  the  relative  characters  of  volcanic 
materials  in  diflferent  geological  periods,  and  in  di£ferent  areas 
during  the  same  period — will  obtain  a  satisfactory  solution ;  while 
questions  now  relegated  to  the  domain  of  speculation — such  as  that 
of  the  origin  of  volcanic  outbursts  from  a  central  incandescent 
nucleus  or  from  a  number  of  more  or  less  independent  sources — 
will  be  brought  within  the  sphere  of  inductive  research. 

We  understand  that  Dr.  Boritsky  purposes  to  follow  up  these 
monograj^hs  on  tlie  Tertiary  volcanic  rocks,  by  a  series  of  other 
memoirs  on  the  petrology  of  Bohemia;  and  we  are  assured  that 
alike  in  England,  Germany,  and  France,  where  the  microscopical 
study  of  rocks  is  now  being  pursued  by  so  many  earnest  investigators, 
fho  appearanco  of  these  will  be  looked  forward  to  with  the  greatest 
interest.  J,  W,  J. 
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AMD    VHS    HOBXBV    SoiBNOB    OT    pBS-Hl8T0BI0    AbOHJB0U>OT. 

By  JjjDM  0.   SouTHALL.    (Philadelphia:  Lippinoott  db  Co.; 
London :  Triibner  db  Ck>.) 

WUlLfT  fbe  fixvt  rank  miut  be  aooorded  to  original  observers 
wbo  add  to  the  world's  stook  of  knowledge,  the  second  place 
mmX  be  asaigned  to  those  usefal  workers  who  weigh  and  place  the 
sliana  faioont  in  by  the  former.  The  latter  merit  beloDgs  to  Mr. 
Bnothall.  Be  does  not  appear  to  be  a  votary  of  science,  but  an  inde* 
f^tigable  and  able  coUeolor  of  statistics.  He  avows  himself,  how- 
•ffcr,  to  be  an  advocate,  and  whilst  he  is  comprehensive  and  fair  in 
Us  oolleotion  of  instances,  he  is  acute  in  tumiug  them  to  account  in 
sooordanoe  with  his  theory,  which  is  that  of  the  recent  origin  of  man 
on  the  earth. 

Hie  author  affirms  that  histonr,  commencing  about  5000  years 
igo,  opens  with  full-fledged  civilization.  That  in  the  East  there 
was  no  atone  age,  stone  implements  there  being  no  older  than  metal 
ones;  that  the  people  of  the  stone  age  in  Western  Europe  are  off- 
dtoots  ftom  the  East,  and  contemporaneous  with  its  civilization. 

The  ninth  chapter  brings  us  to  the  critical  portion  of  this  portly 
volume.  He  discusses  the  megalithic  evidence  in  harmony  with  the 
trgnments  of  Mr.  Fergusson,  and  sets  down  all  the  great  stone  monu- 
ments as  recent,  too  recent  to  have  any  bearing  on  the  question  in 
hand.  The  eleventh  chapter  deals  with  tlie  lako-dwellingS|  and 
claims  them  for  all  ages,  and  on  the  strength  of  some  admixture  of 
metal  and  potteiy  he  urges  that  they  are  oontemporaueous  with 
civilization  and  the  use  of  metal  in  other  quarters  at  the  same  time. 

The  twelfth  chapter  argues  that  the  Scandinavian  refuse-heaps  are 
not  older  than  the  lake-dwellings.  Hude  implements  found  in  them 
prove  only  that  they  ai'e  the  relics  of  rude  fishermen  and  peasants. 
Iron  and  bronze  not  being  known  around  the  Baltic  until  after  the 
Christian  era,  the  absence  of  these  metals  proves  scarcely  anything. 

The  thirteenth  and  fourteenth  chapters  exhaust  the  caves.  They 
are,  like  the  preceding  "  finds,"  described  in  groat  detail  and  with 
iaimess.  Attempt  is  made  to  show  a  gradation  backwards  in  occu- 
pation from  modern  days  to  the  earliest  without  interval.  From  the 
instances  in  which  the  remains  of  the  Mammoth  epoch  are  mixed 
witli  those  of  reindeer,  in  the  South  of  France,  the  contemporaneity 
of  these  animals  with  the  former  is  argued.  The  Belgian  evidence 
is  also  adduced  in  support  of  this.  It  is  inferred  that  the  men  first 
inhabiting  the  caves  were  not  only  hunters,  but  manufacturers,  potters, 
traders,  possessing  sundry  furnishings  of  civilization. 

"The  sum  of  the  matter  is,  that  we  find  in  the  ancient  cave- 
dwellers  a  race  of  men  in  almost  precisely  the  condition  of  the 
modem  Esquimaux ;  and  there  is  a  considerable  probability  that  the 
Arctic  races  of  Europe  and  America  are  their  descendants. 

*'  It  was  the  first  race  that  reached  Western  Europe  from  Western 
Asia,  and  the  Celts  subsequently  pushed  them  further  North." 

Then  we  come  to  the  discussion  of  Solutre, — an  important,  perhaps 
&  crucial  case.     Here  bones  of  the  elephant  are  found  together  with 
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those  of  40,000  hones,  associated  with  stone  implements  of  all  agss 
and  fa-shions.  Here  we  have  the  man  of  both  periods  in  fall  life  and 
in  death.  The  Mmilar  admixture  in  a  care  at  Gourdan  also  points  to 
a  ^^dual  transition  from  the  very  first  traces  of  Somme-yaUey  lib 
c^jn-litions  down  to  the  historic  era. 

Next  we  arrive  at  the  river- valley  gravels,  confessedly  the  most 
difticult  ftortion  of  the  inquiry.  Mr.  Southall  first  disposes  of  tlis 
peat  ill  2f'.KJH3  years,  by  the  aid  of  canoes,  bricks,  and  Roman  remains. 
Then  lie  is  faced  by  the  sub-lying  beds  of  sand  and  rolled  pebblflS 
contniiiin;^  the  mammalian  remains  with  the  rough  fi in t  implements, 
lie  adduces  Mr.  Alfred  Tylor's  calculations  as  to  the  forces  of  his 
pluvial  period ;  quotes  Belgrand  to  testify  that  the  Palaeolithic  period 
pa.s&ed  rapidly  away,  and  was  succeeded  by  peat ;  and  so  brings  down 
the  dawn  of  the  gravels  to  a  few  thousand  3'ears  antecedent  to  tlie 
latter.  The  weak  part  of  this  argument  is  that  it  does  not  aocoont 
f«ir  the  great  changes  of  level  that  we  are  told  have  occnrred  sinoe 
or  during  the  deposit  of  the  gravels  and  the  burying  of  the  imple- 
ments. Nor  does  it  explain  the  fractures,  displacements  and  replaoe- 
meiits  of  the  post-human  period.  The  glacial  rashes  allowed  by 
Sir  Charles  Lvell,  the  pluvial  torrents  of  Mr.  Tylor,  the  ocean  inoar^ 
sions  hinted  at  by  Mr.  Southall,  will  not  account  for  all  the  pheno- 
mena,— even  allowing  Mr.  Prestwich's  opinion  as  to  the  formation  of 
the  valleys  out  of  the  chalk  by  large  streams  during  the  early  human 
period, — in  any  time  consistent  with  the  Usherian  chronology,  unless 
wo  evoke  the  aid  of  great  crust  disturbances  since  the  visits  of 
PalnE?olithic  man  and  before  the  advent  of  his  historical  successor. 
If  such  a  period  of  comparative  cataclysm  can  be  established,  on  the 
evidence  of  the  Straits  of  Dover  and  analogous  appearances,  then 
the  advocates  of  the  short  chronology  may  boldly  bring  in  their 
theory  as  one  of  geological  probability. 

In  discussing  the  question, — When  did  the  Mammoth  live?  or, 
rather, — When  did  he  die  out?  much  stress  is  laid  upon  the  very 
few  instances  of  its  bones  found  in  the  peat,  as  well  as  on  the  con- 
dition of  the  remains  in  Siberia.  It  is  affirmed  that  there  is  every 
mark  of  **  recencv "  in  connexion  with  these  remains  all  over  the 
world.  Much  also  is  made  of  the  instances  in  which  Palseolithio 
implements  have  been  found  l^'ing  together  with  Neolithic  and  bronze 
manufactures.  Mr.  Southall.  without  invalidating  the  succession 
assumed  by  Sir  John  Lubbock,  Mr.  Evans,  and  others,  yet  shows 
such  overlapping  as  practically  to  annihilate  the  theory  as  a  measure 
of  general  time.  Certainly  rude  unpolished  flints  are  found  with 
polished  stone,  and  both  with  bronze,  and  all  with  iron;  but  this 
fact  is  capable  of  the  inteq)retation  that  relics  of  one  period  were  still 
extant  in  the  succee<ling  age,  and  that  it  is  in  the  predominance  and 
ultimate  exclusive  use  that  we  are  to  look  for  tlie  true  index  of  events. 
Mr.  Southall  quotes  Mr.  E.  B.  Tylor  as  his  authority  for  the  illusory 
nature  of  the  common  divisions.  He  affirms  that  inasmuch  as  the 
Glacial  Period  in  Scotland  and  Denmark  lasted  down  to  the  polished- 
stono  age,  it  is  fair  to  argue  that  the  Somme- valley  deposits,  belonging 
to  the  last  glaciation,  may  not  be  very  ancient    The  most  valuable 
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mimmiobin  regnd  to  Hiis  we  find  in  the  S2nd  chapter,  which  details 
'fcohwrvationa  and  oalcnhitiona  of  Dr.  Edmimd  Andrews,  President 
rf  tta  Ohioago  Aoademy  Of  Science.  In  a  remarkable  paper  on  ihe 
WaA  Amerioan  Lakes,  Dr.  Andrews  shows  good  oanse  for  belieYiog 
-ftst  their  present  outlines  are  post-glacial,  and  that  "  the  total  time 
jf  di  the  deposits  (since  the  Olacial  Period)  appears  to  be  some- 
vhsTO  between  5S00  and  7000  yefirs ;  and  further,  that  the  countiy 
Iss  mdeigoiie  <dianges  of  level  since  the  Glacial  Period."  Dr. 
Aniraws  and  Mr.  Belt  are  at  opposite  poles. 

We  cannot  fail  to  perceiye  that  geologists  are  reducing  their 
IpresL  We  no  longer  hear  of  millions  of  years.  The  acute  re- 
immer  of  the  preaent  book  in  the  Speetator  of  Novembcnr  27th, 
yropoaeaSOyOOO  years  as  the  duration  of  man  on  the  earth.  But  in 
tan  all  poaitiTe  statements  of  this  kind  are  open  to. the  same 
«hjeotiona  ae  axe  the  smaller  figures.  We  are  not  yet  in  a  condition 
to  Msaaqre  the  units,  though  we  have  advanced  so  far  as  to  be  able 
to  say  that  the  entire  quantity  aeed  not  be  so  long  as  was  at  one  time 
coBooved  to  be  required  by  tiie  evidence. 

Every  one  who  has  watched  the  course  of  a  long  legal  trial  is 
«dl  acqoainted  with  the  swaying  to  and  fro  of  <minion  during  its 
peudency.  We  are  still  in  this  oscillating  stage.  Mr.  Southall  ably 
nms  up  as  an  advocate  for  recency.  We  shall  have  further  evidence 
tnd  a  reply,  and  then,  at  some  unknown  future  period,  a  competent 
jadge  will  intervene  and  put  the  whole  case  impartially  before  the 
joiT  of  public  scientific  opinion,  and  a  true  verdict  will  doubtless  be 
given.     Meanwhile  we  wait  in  the  "  Salle  de  pas  perdues,^* — S.  R.  P. 


III. — ^The  Potton  and  Wioken  Phosphatio  Deposits.  Being  the 
Sedgwick  Prize  Essay  for  1873.  By  J.  J.  H.  Teall,  B.A., 
F.G.S.  (Cambridge,  Deighton,  Bell  &  Co.;  London,  George 
BeU  &  Sons,  1875.) 

TBffi  Sedgwick  Prize  is  given  every  third  year  for  the  best  Essay 
on  some  subject  in  Geology,  but  the  competition  is  limited  to  the 
Graduates  of  the  University  of  Cambridge  who  have  resided  within  one 
wu!e  and  a  half  from  ihe  University  Church  for  sixty  days  during  the 
twelve  months  preceding  the  day  on  or  before  which  the  Essay  must  be 
taU  in.  This  is  the  first  time  that  the  Prize  has  been  awarded,  as  no 
essay  was  sent  in  for  the  years  1867  and  1870. 

The  subject  proposed  was  "The  Potton  and  Wicken  Phosphatio 
Deposits,  and  their  general  relation  to  the  Necomian  Strata  of  Western 
Europe,  lying  between  the  Portland  Beds  and  the  Gault."  The 
publication  of  this  Essay  has  been  delayed  to  make  the  work  more 
complete.  The  author  in  the  first  chapter  gives  a  somewhat  im- 
perfect account  of  the  "  literature  of  the  subject,"  which  we  need 
not  notice,  as  most  of  the  readers  of  this  Magazine  are  quite 
familiar  with  these  deposits.  He  next  gives  an  account  of  the 
Potton  deposit.  The  chief  new  points  are  a  careful  description 
of  the  pebbles,  and  an  attempt  to  determine  the  species  of  the 
derived  mollusca;   the  author  also  shows  that  an  older  Neoco- 
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mian  deposit  has  suffered  denudation.     As  the  workings  at  Wibkw  n 
(Upware)  are  abandoned,  Mr.  Teall  reprints  the  sections  which  werBk;  : 
published  in  this  Magazine,  and  tries  to  determine  the  derived  fossikL   . 
Ho  next  gives  a  list  of  the  indigenous  fossils  contained  in  the  Wood- .-. 
wardian  Museum.     We  are  sorry  to  differ  from  the  author  wifli  . : 
regard  to  the  Brachiopoda;  he  states  that  "it  is  more  than  probabb  ry 
that  variable  t3rpes  have  given  rise  to  the  unnecessary  multiplicatioil  ., 
of  species.    Thus  T.  microtrema,  T,  Dallaaii,  and  T»  Lankasieri  are  poi-  . 
sibly  varieties  of  T,  prcelonga  (Sow.) ;  at  least  there  are  indications  of  r 
transitional  forms."     This  is  more  to  be  regretted,  as  the  author  bai   ; 
not  corrected  his  list  of  Brachiopoda  according  to  Mr.  Davidson*! 
Cretaceous  Supplement :  probably  when  he  has  consulted  this  worii, 
ho  will  modify  his  views  on  this  subject.     The  author  next  gives  ^ 
a  general  sketch  of  the  Neocomian  deposits  of  Norfolk,  Bedford* 
Cambridge  and  Buckingham ;   this  has   been   carefully  done,  and 
contains  many  very  interesting  sections.     He  has  not  settled  the 
question  whether  an  old  Neocomian  (?)  rock  occurs  in  position  under 
the  bed  of  the  river  Cam  between  Upware  and  Ely.     The  author 
does  not  seem,  however,  to  be  aware  of  the  valuable  paper  by  Prof. 
Morris  which  appeared  in  the  Geol.  Mag.  Vol.  IV.  for  18G7,  p.  466. 
In  concluding  this  branch  of  the  subject,  he  reviews  the  Neocomian 
strata  thus:  "In  Norfolk  they  are  seen  to  consist  of  a  threefold  divi- 
sion, a  loose  sandy  deposit  at  the  base,  resting  unconformably  on 
Kimmeridge-clay ;  next  an  argillaceous  division,  with  ironstone  nodules  ' 
and  fossils;  and,  lastly,  true  carstone,  an  indurated  and  highly  ferru- 
ginous sandstone.    The  *  Carstone  *  in  its  turn  appears  to  be  conform- 
ably overlain  by  the  *  Eed  Chalk,*  and  to  pass  gradually  into  that 
deposit."     In  tracing  the  deposits  to  the  south,  first  the  argillaceous 
division  thins  out,  and  also  the  overlying  carstones,  both  of  which  seem 
to  become  subordinate  to  the  loose  sand  series ;  the  whole  is  graduallT 
attenuated,  and  the  conglomerate  and  pebble-bods  are  intercalated. 
The  author  rightly  concludes  from  stratigraphical  and  palaeontological 
considerations  that  the  Pot  ton  and  Upware  deposits  belong  to  the 
very  latest  paii;  of  the  Neocomian  period,  and  that  their  affinities  are 
to  be  sought  for  in  the  Folkestone  beds  of  the  South  of  England. 

Mr.  Teall  next  briefly  points  out  the  probable  relations  of  the 
Neocomian  deposits  of  the  central  and  eastern  counties  to  the  strata 
of  Western  Europe,  lying  between  the  Poriland  Beds  and  the  Gault 
Ho  considers,  with  Prof.  Phillips,  that  the  fluviatile  ironsands  of  Shot- 
over,  Brill,  and  Hartwell,  belong  to  an  older  period  than  the  marine 
sands  of  Seend,  Farringdon,  and  Culhara,  near  Oxford ;  and  that  the 
denudation  of  the  older  sands  furnished  much  of  the  material  for 
the  Wobum  and  Potton  series.  We  are  disappointed  that  the  author 
has  not  more  fully  considered  the  relations  of  these  deposits  to  the 
foreign  strata,  and  endeavoured  to  determine  the  age  of  the  deposit 
at  Essen,  and  of  the  Tourtia  of  Belgium,  which  have  been  referred 
to  both  the  upper  and  the  lower  part  of  the  Cretaceous  formation. 
We  quite  agree  with  the  author  in  considering  the  Upware,  Potton, 
Farringdon,  Godalming,  Brickhill,  and  Folkestone  beds,  belong  to  the 
same  atage  as  the  Aptien  of  France  and  Switzerland.    It  may  be  de- 
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to  wpuftfee  the  English  beds  from  fhe  Lower  Green- 
sod  to  difltiiiffaish  them  as  Aptian.  The  author,  in  oonclosion, 
it  probame  that  the  pebbles  of  palnozoio  and  metamorphio 
bava  been  derired  from  the  rooks  whioh  underlie  the  Ohalk  to 
Is  sssl^  and  which  probably  formed  land  during  the  Neooomian 
liDDd.  He  next  oonsiderB  the  origin  of  the  phospluitio  matter.  We 
se^bd  he  rejeota  the  absurd  theory  that  the  waters  were  ohatged 
rib  phoaphono  add  1^  the  denudation  of  apatite,  and  acoepts  the 
linr  that  fhe  phosphono  acid  was  furnished  by  the  decomposition  of 
■■al  matter.  Finally,  he  gives  an  account  of  what  he  conceives 
bbm  been  the  physionl  features  of  this  area  during  the  deposition 
if  fte  strata  in  question,  and  also  of  the  succession  of  events  which 
■BMiiliniiily  preceded  their  deposition.  The  author,  in  acknowledging 
Is  Bouroea  from  whence  his  mformation  has  been  derived,  states  that 
b  did  not  see  Mr.  Meyer's  papers  on  this  subject  until  he  had 
nived  at  the  same  conclusions  independently.  Although  we  cannot 
■ite  agree  with  Mr.  Teall  in  a  few  minor  points,  yet  we  have  much 
fjaMurB  in  recommending  this  interesting  essay  to  fhe  notice  of 
ki  readera  of  this  Maoazihs. 

L  P.  W. 


IV. — ^The  Geology  of  Camberwell.^ 

IN  one  of  the  chapters  of  the  **  History  of  Camberwell,"  recently 
published,  Mr.  A.  Bolt,  F.G.S.,  has  given  an  interesting  acMX>unt 
>f  the  geological  formations  which  have  been  observed  within  the 
[Arish.  Previous  notices  of  the  geology  have  appeared  by  Mr. 
iUlport,*  Mr.  Whitaker,'  aud  other  authors,  all  of  which  are  referred 
»  by  Mr.  Bott,  whose  contribution  comprises  not  only  detailed  de- 
icriptions  of  the  various  sections  and  lists  of  the  fossils  collected 
vrithin  the  district,  but  also  some  general  inferences  as  to  the  con- 
iitions  under  which  the  strata  were  formed.  The  knowledge  of  the 
^l<^cal  structure  of  this  part  of  the  London  Basin  has  been  much 
Qcreased  by  the  careful  observation  of  the  excavations  made  for  the 
x>nstruction  of  the  main  line  aud  effra  branch  of  the  Southern  High 
Level  Sewer.  The  formations  noticed  belong  to  the  Quaternary 
lad  Eocene  periods : — Post-Tertiary  or  Quaternary — beds  of  peat, 
trick-earth,  sand,  and  gravel.  Eocene  —  London-clay,  Oldhavon 
oeds,  Woolwich  beds,  Thanet  beds. 

The  sections  exposed  during  the  progress  of  the  works  for  the 
sewer,  as  well  as  some  others  in  the  paiisli,  are  successively  noticed, 
x)gether  with  their  lithological  character.  The  Woolwich  beds  appear 
:o  be  the  best  developed,  and  are  interesting  as  presenting  a  differ- 
snoe  in  their  mineral  and  fossil  characters  (chiefly  the  abundance  of 
Paludina)  to  the  equivalent  strata  at  Lewisham,  Charlton,  etc. ;  still, 
bowever,  indicating  estuarine  conditions,  from  the  alternations  of 
aiarine,  fluvio-marine..  and  fresh-water  forms  of  life.     The  fossils, 

*  The  Parish  of  Camberwell,  its  History  and  Antiquities,  by  W.  H.  Blanch. 
London,  1875.    Oeology,  pp.  9-27. 
'  Collections  lUustratiTe  of  the  Geology  of  Camberwell. 
'  Geology  of  London  Basin^  Mem.  Geol,  Butt, 
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1.  ■' Ozi  I  rLc'w  ai«-'l:2«::i:i':c  *■:  T'^iii^saariac.  Vertebrae.'*     By  Pto£ 

T-r  r.^:i:l:.ir  :i::«::i'::i:".'C  ::  z'^':  L"-2.':!«ii;ir:;ui  vterrebra  noticed  by 
,;.j.  \:v.:r  .■0':7S  in  7^' «i'. '•*•'].■•'*•«■  tJ  -l-Orr^r-jfiii  and  Pareio^j^aiinif 
.r  •!.'■•  V  ..<.  In  :ii-^  irsil  -^-rf'-rt  ::  :'^.i  lomier  the  centra  an 
r.r^irlv  di:  :a  c.  cl:  :  r»  in»:  aizi'i  ^ut:':io«.  i  *in:ctiire  to  express 
^':/:.l  -I.-}  i:;:b:r  rr^''^*  '^"-  '"^^^^  ■  ir^rcirUnran."  The  hind 
ir.rt-.e  is  v:-rv  <Iiii:-lV  :!'.*  m.  r«  ..".cc-.ivi.  The  middle  of  each 
I'"rt*i:-.  ■*  rivr^tr^l  Tv  i  iu:ill  :*.r\ni-  ::  lea.iinr  into  a  cylindrical 
0Ar^lyt:>t"s:ir--Iy  "exTan.:ir^   ml  :i:.ii  ririily  contracting  to  a 

.v'-r,  w":  •>!;  niW"3  ".b-f  irex  ::"  :'-e  *:nii'ir  li-  How  cone  coming  from 
[^r.  r r.-i^^  T:;rfAoe.  jimilir  ..I:\rw:ers  w.:re  obsen-ed  upon  the 
fr.>:  v;rfice  ot  the  an:eri.:r  saorii  aad  up.n  u:it  of  the  posterior  of 
fur  rir;of-.ylos^i  saorvl*. 


t^mfi  Dinosaur,  the  centrum 

n'^r  uiS'i  tracts  of  the  middleof  the  centrum  in  the  two 
K.,.'!rL  a»^.vc  mentioned  the  author  sees  indications  of  a  persistent 
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■f  the  primitive  "cborda  dorsalis" ;  and  be  calls  attGolion  to 
■Mbblaace  thus  set  up  between  these  probably  Triassic  Dino- 
Uad  the  lower  Ganoi*phalous  repliJea  of  the  Carbon ifei'uua 
f  in  ^rbich,  however,  the  vertebrat  oentnt  are  more  widely 
Hted. 

•'  On  the  Presence  of  the  Forest-bed  Series  at  KeseingUnd  and 
Seld.  in  Suflolk,  and  its  position  beuoalh  the  Chillesford  Clay.'* 
oho  Gunn,  Esq..  M-A-.  F.G.S. 

this  paper  the  anthor  deecribod  a  eection  froto  the  cliff  at 
ingUiid  and  Pakefield,  from  the  exaniinatiou  of  which  be 
»d  at  the  conclusion  that  the  Forest-bed  series  underlies  the 
esford  Clay  and  Sands.  At  the  foot  of  the  cliff  there  ia  aa 
rine  d^Msit  forming  the  soil  of  the  Forost-bed,  consisting  of 
clay  and  gravel,  the  "  Elephant-bed  "  of  the  anthor's  former 
r.  Above  this  is  the  Foreet-hed.  containing  large  stools  and 
I  of  trees,  bat  no  fossil  bones.  This  is  followed  by  a  freshwater 
lit,  consisting  of  black  soil  with  freshwater  shells,  corresponding 
similar  bed  nt  Mundesley  and  Eiinton,  known  aa  the  '■  Fni'o- 

and  including  tlia  "  Rootlet-bed  "  of  oozy  clay,  regarded  by 
■Veslwich  as  an  indication  of  Ihe  forest.  The  author  considers 
opposed  Tootleta  to  represent  brushwood  which  lucceeded  the 
ibrest.  Above  this  ocme  Fluvio- marine  deposits,  in  which  Crag- 
I  occur  althongh  bat  rarely.  To  this  division  the  author  was 
led  to  refer  the  Norwich  Crag,  which  at  Bramerton  underlies 
isit  dirision,  regarded  by  the  author  as  the  Chillesford  Clays 
lands.  Of  the  overlying  deposits  the  first  is  supposed  to  be  the 
bly-bed  "  by  the  author  ;  it  has  been  regarded  as  Middle  Drift, 
be  uppermost  is  Upper  Boulder-clay.  The  paper  was  illusti-ated 
e  exhibition  of  a  fine  series  of  bones,  chiefiy  Cervine,  from  the 
i  depoeit  noticed  by  the  author. 

— December  1st,  1875.— John  Evans,  Esq.,  V.P.R.8.,  President, 

)  Cbair.    The  following  communication  was  read : — 

ht  the  Granitic,  Granitoid,  and  associated  Melamorphio  Books 

ae   Lake-district"     Parts   III.,    IV.,    and  V.      By  J.   Clifton 

I,    Esq.,   F.G.S.,   of    the   Geological  Survey  of  England  and 

s. 

rt  in. — On  Ihe  Sktddata  Granite  and  il»  asBoeiated  MelamOTphie 

«  snbject  was  treated  under  the  three  heads  of  (1)  Examination 
!  Field,  (2)  Microaeopieal  Examination,  (3)  Chemical  Examination, 
be  following  were  the  general  results  arrived  at.  The  meta- 
bism  of  the  Skiddaw  Slate  extends  for  many  miles  around  the 
&1  granitic  masses,  and  commences  by  the  formation  of  small 
which  become  develojied  into  chiastolite  crystals.     The  chiaa- 

$laU  passes  into  spotted  tehist,  by  the  great  increase  of  the 
,  oblong  spots  arranged  along  planes  of  foliation,  and  mica  ap- 
.     The  spotted  schist  graduates  into  mica  schist,  which,  however, 

retains  to  the  last  faint  spots,  and  occasionally  obiastolite 


46  Reports  and  Proceedings. 

crystals.  The  junction  between  the  mica-Bohist  and  the  g^nite  is 
generally  rather  abrupt  On  the  whole,  chemical  and  field  evidenoa 
especially  are  against  regarding  the  granite,  now  exposed,  as  the 
result  of  the  extreme  metamorphism  of  the  Skiddaw  slates  tma«- 
diatehj  around  it;  but  whether  it  may  not  have  resulted  from  the 
metamorphism  of  underlying  parts  of  the  same  series  is  an  open 
question.  The  great  contortion  of  the  mica-schist  around  the  gm- 
nitic  centres  may  be  in  part  due  to  the,  at  any  rate,  partially  intmsivo 
character  of  the  granite. 

In  an  Appendix  abstracts  of  papers  by  various  authors  who  have 
written  in  connexion  with  the  subject  were  given. 

Part  lY. —  On  the  Qtiariz  Felaite,  Syenitic,  and  aasoeiated  JUWo- 
morphic  BocJc8  of  the  Lake-distriet. 

This  part  was  treated  under  the  same  three  heads  of  Field,  Mtera* 
scopicalf  and  Chemical  evidence  as  the  last. 

The  Quartz  Felsite  of  St  John's  Yale,  and  the  Syenitic  Granite  of 
Buttermere  and  Ennerdale,  lie  for  the  most  part  at  the  junction  of 
the  volcanic  and  Skiddaw  series,  and  seem  by  their  line  of  strikov 
and  by  the  occasional  presence  of  bands  of  date  or  voloanio  rook, 
enclosed  within  or  running  through  them,  to  represent  the  transition 
beds  between  the  two  series,  metamorphosed  in  great  measure  t»  Bthk 
Both  microscopic  and  chemical  evidence  demonstrate  the  possibility 
of  this  process. 

Evidence  gathered  in  the  field,  and  microscopic  and  chemioal 
examination,  all  seem  to  suggest  that  the  rocks  of  Carrock  Fell,  eta« 
represent  the  base  of  the  volcanic  series,  consisting  largely  of  con- 
temporaneous traps,  thrown  into  a  synclinal,  the  axis  of  whioh 
ranges  generally  east  and  west,  and  metamorphosed  into  rocks  of 
greatly  varying  character,  such  as  sphaBrolitic  felsite,  hypersthenita, 
and  diorite. 

Although  all  the  various  masses  treated  of  were  probably  formed 
in  the  main  by  the  metamorphism  of  beds  in  situ,  it  is  probable  that 
some  parts  of  the  resulting  magma  became  occasionally  intrusive 
among  and  absorptive  of  higher  beds. 

In  an  Appendix  notices  of  papers  on  these  rocks  by  other  anthorB 
were  given. 

Part  V. — General  Summary. 

In  this  part  the  leading  results  of  the  four  preceding  divisions  of 
this  memoir  were  briefly  brought  forward,  followed  by  the  discussion 
of  various  considerations  relating  to  metamorphism,  under  the  fol- 
lowing heads  : — (1)  Granite  at  various  depths  ;  (2)  how  far  granite 
may  bo  an  ultimate  universal  product  of  metamorphism ;  (3)  dis- 
tribution of  metamorphism  (selective  metamorphism)  ;  (4)  classes 
of  metamorphism. 

The  paper  was  illustrated  by  a  large  geological  map  of  the 
northern  part  of  the  Lake-district,  by  a  geological  model  of  the 
Keswick  district,  by  rock  specimens,  and  large  coloured  photographs 
taken  from  water-colour  microscopic  drawings  made  by  the  author. 
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Ie  on  BASGB  op  SACCAMMI.VA  OARTE&I.  BEADY,  IN  THE 
II  CAEBOSIFEHOUS   SERIES. 

Ik, — Iq  liiB  paper  "  On  the  Limits  of  the  ToTedale  Series  in  the 
th  of  Hoglaad,"' Mr.  Lebour  says,  in  a  footnote:  "Up  to  the 
lent  time  the  well-marked  foraminifer  Saeeammina  CarUri,  Brady, 
pparentl;  limited  to  a  bed  in  the  Upper  or  Yoredale  part  of  the 
es,  viK.  the  Four-fathom  Limestone."  Mr,  Lebour  seems  to  be 
w»r«of  the  fact  tbatS.  Carteri  has  been  found  plonlifully  in  Scot- 
i  in  the  limestones  at  the  bottom  of  the  Carboniferous  Series.  In 
Appendix  to  the  Explication  of  Sheet  33,'  Mr.  E.  Ethcridge, 
,  Bajs,  pi^  96 :  "  In  the  Midlothian  Carboniferous  Series  one 
iie  collectors  of  the  Geological  Survey,  Mr.  J.  fiennie,  has  lately 
id  Foraminifera)  at  several  localities  rather  abundantly.  The 
DTence  of  Safcammina  Carteri  has  also  beeu  proved  by  the  same 
fictor  at  no  less  than  eight  localities  in  the  Lower  Limestone 
wp,  Ttz.  at  Mount  Lothian,  Fullarton,  C  rich  ton  Magazine, 
miM  and  Hlddlefam  Qoftrriei,  Bood'a  Mill,  and  No.  16  Hin^ 
li»i)ll,  Bdinborgtuliire.  8.  Carteri  ww  also- obtained  Mma 
■*  *V  ^J  ^^  Geological  Snrvey  at  the  Ot,t  Ortug,  DnnbaT." 
Etheridge  allndea  in  the  last  sentence  to  specimens  of  Saeeam- 
I  limestone  collected  by  the  Survey  collector  Ur.  R.  Gibbs, 
er  shortly  before  or  after  1858.  These  specimens  may  be  seen 
he  Hosenm  of  Practical  Geology,  Jermyn  Street,  and  also  in 
Snrvey  Collection,  Museum  of  Science  and  Art,  Edinburgh.  In 
Jermyn  Street  Catalogue  of  Fossils,  published  1865,  page  117, 
be  following  entry  :  "  Foraminifera  in  Limestone ;  Cat  Craig, 
ibar,"  from  which  I  infer  that  Mr.  Salter  had  prior  to  that  date 
ignized  this  fossil  to  be  a  Foraminifer. 

a   1871  I  found  the  aame  fossil  at  Kidlaw,  Haddingtonshire, 
>  in  the  Lower  Limestones,  and  this  year  (June,  1875)  at  Donken  . 
iny,  Dumfriesshire,  in  a  limestone  much  lower  down  than  any  of 
limestones  above  referred  to,  viz.  in  the  Calciferoos  Sandstones, 
irhat  Mr.  Lebour  colls  the  Tuedian  Bocks. 

It.  John  Young,  in  a  paper  "  On  the  Occurrence  of  Saccammttta 
itri,  Brady,  in  the  Limestone  Series  of  Lanarkshire,"  read 
il,  1872,  published  in  the  Trans.  Geol.  Soc.  Glasgow,  vol.  iv. 
'63,  records  the  finding  by  himself  of  fragments  of  limestone  in 
ich  were  "  abundance  of  small  spherical  spots  of  white  carbonate 
lime,  which  in  1872  he  recognized  as  Saeeammina  Carteri;"  and 
her  adds,  the  same  Foraminifer  has  been  found  by  Hr.  Hunter  in 
Main  Limestone,  Carluke.  These  limestones  are  the  lowest  of 
Carboniferous  Series. 

Vom  these  facts  Mr.  Lebour  will  see  that  S.  Carteri  is  not  limited 
tie  Upper  or  Yoredale  Bocks,  but  baa  a  much  lower  range,  being 
itifnl  in  the  lowest  beds  of  the  Carboniferous  Series,  and  has 
1  found  even  far  down  in  the  Colciferous  Sandstone  Series. 

Jauss  Bsmmiii. 

<  Oboi..  Has.  Not.  1ST5,  p.  G43. 

*  Hemoin  Q«oL  Snrr-  S^t.,  published  If  or.  1873> 
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BOS  PRIMIGENIUS  IN  ALGERIA. 

Sir, — ^I  have  just  received  information  from  ray  friend  M.  Dorando 
of  Algiers,  of  the  discovery  of  the  entire  head  with  enormous  honi«. 
cores  of  a  fossil  ox  at  Djelfa,  on  the  Hautes  Plateaux  of  Algeria,  sap- ' 
posed  to  be  Bo$  primigeniva  (?). 

'i'he  skull  in  the  Museum  at  Algiers,  discovered  some  years  ago  air 
Bab- Azzoun,  near  Algiers,  has,  I  believe,  been  determined  as  Bubalni 
antiquus.  The  skull  from  Djelfa  has  also  beei)  placed  in  the 
Museum,  and  should  be  examined  by  any  palaeontologist  visitiiig 
Algiers,  with  a  view  to  the  correct  determination  of  the  species. 

Djelfa  is  a  fortress  about  150  miles  south  of  Algiers,  situated  oa 
the  military  road  connecting  Algiers  with  L'Aghouat,  at  a  height  of 
2600  feet  G.  Maw. 

B£>'THALL  Hall,  kear  Brosblbt. 

OBia?TJJLKr-3r. 


NATHANIEL    T.    WETHEftELL,    M.R.C.S.,    F.Q.S. 

The  closing  year  has  taken  with  it  another  member  of  the  old 
"London  Clay  Club,"  Mr.  N.  T.  Wetherell,  who  died  at  his  residenoe* 
at  Highgate  on  the  22nd  December,  1875,  aged  75  years.  Like  his 
friend  F.  E.  Edwards,  whose  death  we  noticed  last  November,  Mr. 
Wetherell  devoted  his  attention  specially  to  the  study  of  the  fossib 
of  the  London  Clay  (particularly  those  from  localities  on  the  north  of 
London) :  but  he  had  besides  given  much  time  to  the  careful  oolleo- 
iiou  of  the  fossils  from  the  Glacial  Drift-deposits  of  Finchley  and 
Muswell  Hill.  Tlie  latter  collection  is  preserved  in  the  Museum  of 
Practical  Geology,  Jermyn  Street,  whilst  the  greater  portion  of  his  very 
extensive  London  Clay  Collection  has  been  secured  for  the  Brit  Mas. 

Tlio  following  is  a  list  of  Mr.  Wethereirs  chief  scientific  papers  : — 

1.  Observations  on  the  London   Clay  of  Highgate  Archway,  Proc.  G^l.  Soc 

Lond.,  vol.  i.  June  19,  1822,  p.  403. 

2.  On  an  Ophiura  found  at  Child's  Hill,  N.W.  of  Hampstead,   op.  cit.,  p.  417. 

Jan.  9,  1833. 

3.  Observations  on  a  Well  dug  at  the  Lower  Heath  on  the  South  Side  of  Hampetead. 

(June,  1834.)     Trans.  Geol.  Soc.,  vol.  v.  1840,  p.  131. 

4.  A  Notice  of  some  Organic  Remains  recently  discovered  in  the  London  Claji 

Proc.  Geol.  Soc.  Lond.,  vol.  iii.  p.  140. 

5.  On  the  Occurrence  of  Graph  ularia  WetJierdlii,  in  Nodules  from  the  London 

Clay  and  the  Crag,  1869,  Quart.  Joum.  Geol.  Soc,  vol.  xv.  p.  30. 

6.  On  the  Structure  of  some  of  the  Siliceous  Nodules  of  the  Chalk,  1859,  op.  cit., 

vol.  XV.  p.  193. 
Besides  the  above,  Mr.  Wetherell  communicated  numerous  notes 
on  geological  and  palseontological  subjects  to  **  Loudon's  Magazine 
of  Natural  History,"  the  "  Annals,"  the  "  Geologist,"  the  "  Geoloqioal 
Magazine,"  and  other  scientific  journals.  He  paid  much  attention 
to  the  investigation  of  "  the  Banded  Structure  seen  in  Flints."  (See 
an  article  by  Dr.  S.  P.  Woodward,  Geol.  Mag.  1864:,  Vol.  I.  p.  145, 
PL  VII.  and  VIII.) 

Mr.  Wetherell  was  one  of  the  earliest  Fellows  of  the  Geological 

Society  of  London,  and  although  of  late  years  he  ceased  to  attend  its 

meetings,  he  continued  to  the  last  devotedly  attached  to  geological 

science,  which  through  his  long  life  he  earnestly  endeavoured  to 

promote.    Both  in  his  profession  as  a  medical  man,  and  also  among 

Ai's  acienti&o  friends,  be  was  warmly  esteemed,  W. 
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j  I. — On  the  Odontornithes,  oe  Birds  with  Teeth  J 

By  I*rofes8or  0.  C.  Maksii,  M.A.,  F.G.S., 
Of  Yale  College,  Newhaveu,  Ct.  U.S.A. 

(PLATE  II.) 

REMAINS  of  birds  are  among  the  rarest  of  fossils,  and  few  have 
been  described  save  from  the  more  recent  fonnations.  With 
the  exception  of  Archaopteryx  from  the  Jurassic,  and  a  single  species 
from  the  Cretaceous,  no  birds  are  known  in  the  old  world  below  the 
Tertiary.*  In  this  country,  numeix)us  remains  of  birds  have  been 
foand  in  the  Cretaceous,  but  there  is  no  satisfactory  evidence  of 
iLeir  existence  in  any  older  formation,  the  throe-toed  footprints  of 
the  Triassic  buing  probably  all  made  by  Dinosaurian  reptiles. 

The  Museum  of  Yale  College  contains  a  large  series  of  remains  of 
h'lr-h  from  the  Cretaceous  deposits  of  the  Atlantic  coast  and  the 
Kcicky  Mountain  region,  thirteen  species  of  wliich  have  already  been 
iie5cril.«ed  by  the  writ^T.  The  most  important  of  these  remains,  so 
far  as  now  known,  are  the  Odontornithcs,  or  birds  with  teeth,  and 
it  is  the  object  of  the  present  communication  to  give  some  of  the 
more  marked  characters  of  this  group,  reserving  the  full  description 
lor  a  memoir  now  in  course  of  preparation. 

The  tii'st  species  of  birds  in  which  teeth  were  detected  was  Ichthy- 
inds  dispar.  Marsh,  described  in  1S72/'  Fortunately  the  tyi)e  spe- 
chiien  «jf  this  remarkable  species  was  in  excellent  preservation,  and 
the  more  important  portions  of  both  the  skull  and  skeleton  were 
K-cureii.  Tliese  remains  indicate  an  aquatic  bird,  fully  adult,  and 
about  as  large  as  a  pigeon. 

The  skull  is  of  moderate  size,  and  the  eyes  were  placed  well  for- 
ward. The  lower  jaws  are  long,  rather  slender,  and  the  rami  were 
iiot  cc'Obsified  at  the  symjihysis.  In  each  lower-jaw  there  are  twenty- 
one  distinct  sockets,  and  the  series  extends  over  tlie  entire  upper 
margin  of  the  dentary  bone  (Plate  II.  Figures  1  and  2).  The  teeth 
ill  these  sockets  are  small,  compressed  and  pointed,  and  all  are 
dirKJted  more  or  less  backward.  The  crowns  are  covered  with  nearly- 
smrxjth  enamel.  The  maxillaiy  teeth  appe^ir  to  have  been  numerous, 
aud  essentially  the  same  as  those  in  the  mandible.     "Whether  the 

*  From  the  AnK-rican  Journal  of  Science  and  Arts,  vol.  x.  Nov.  187'3. 

*  F'.r  *<ime  ntooiint  ol  previouslv  known  Fossil  IJiids,  ^ce  an  Articb*  on  ''  Birds 
»it}i  TK'th."  l»y  H.  Woodward,  in  tLe  "  Topular  tScience  lUview,"  No.  57,  October, 
li>"y.  p.  JiJIJr,  ]d.  exxv. 

*  Sillinian's  American  Journal,  vol.  iv.  p.  344,  and  vol.  v.  p.  71. 


1>EC.U>JS  II.  — VOL.  III. — KO.    II. 


50  Trof.  0.  C.  Marsh— On  Birds  with  Teeth. 

premaxillnry  bones  supported  teeth,  or  were  covered  with  a  horny 
beak,  cannot  be  determined  from  the  present  specimen. 

The  scapular  arch  and  the  bones  of  the  wings  and  legs  all  conform 
closely  to  the  true  avian  type.  The  steinum  has  a  prominent  ked, 
and  elongated  grooves  for  the  expanded  coracoids.  The  wings  were 
very  large  in  proportion  to  the  legs,  and  the  humerus  had  an  ex- 
tended radial  crest.  The  metacarpals  are  coossified,  as  in  recent 
birds,  thus  differing  widely  from  those  of  Arclutopteryx.  The  bones 
of  the  i)osterior  extremities  are  slender,  and  resemble  those  of  some 
aquatic  birds.  The  centra  of  the  vertebre  are  all  biconcave,  the 
concavities  at  each  end  being  distinct,  and  nearly  equal  (Plate  11. 
Figures  3  and  4).  The  sacrum  is  elongated,  and  made  up  of  a  large 
number  of  coossified  vertebrse.  Whether  the  tail  was  elongated  or 
not  cannot  at  present  be  decided. 

The  jaws  and  teeth  of  this  species  show  it  to  have  been  carnivo- 
rous, and  it  was  probably  aquatic.  Its  powerful  wings  indicate  that 
it  was  capable  of  prolonged  flight. 

Another  Cretaceous  bird  {Apatomis  celery  Marsh),  belonging  ap- 
parently to  the  same  order  as  Ichihyornis,  was  found  by  the  writer 
in  1872  in  the  same  geological  horizon  in  Kansas.^  The  remains 
preserved  indicate  an  individual  about  the  same  size  as  lehihyormi 
dispar,  but  of  more  slender  proportions.  The  vertebrsd  are  biconcave, 
and  there  were  probably  teeth. 

The  most  interesting  bird  with  teeth  yet  discovered  is  perhaps 
Ilcsperornis  rnjalis,  a  gigantic  diver,  also  from  the  Cretaceous  of 
Kansas,  and  discovered  by  the  writer  in  1870.  The  type  specimen, 
which  was  found  by  the  writer  in  1871,  and  described  soon  after, 
consisted  mainly  of  vertebne  and  the  nearly  complete  posterior 
limbs,  all  in  excellent  preservation.' 

A  nearly  perfect  skeleton  of  this  species  was  obtained  in  Western 
Kansas  by  Mr.  T.  IT.  Kussell  and  the  writer  in  November,  1872, 
during  the  explorations  of  the  Yale  College  party,  and  several  other 
less  perfect  specimens  have  since  been  secured,  and  are  now  in  the 
Yale  Museum.  These  various  remains  apparently  all  belong  to  one 
species. 

The  skull  of  ITesperornis  has  the  same  general  form  as  that  in 
Cohjmhus  iorquatHs,  Briin.,  but  there  is  a  more  prominent  median 
crest  between  the  orbits,  and  the  beak  is  less  jwintod.  The  brain 
cavity  was  quite  small.  The  maxillary  bones  are  massive,  and 
have  throughout  their  length  a  deep  inferior  groove  which  was 
thickly  set  with  sharp,  pointed  teeth.  These  teeth  had  no  true 
sockot.s.  but  between  their  bases  there  are  slight  projections  from 
the  sides  of  the  grooves.  (Plate  II.  Figure  6.)  The  teeth  have 
pointed  crowns,  covered  with  enamel,  and  supported  on  stout  fangs. 
(Plate  II.  Figure  9.)  In  form  of  crown  and  base,  they  most  resemble 
the  teeth  of  Mosasauroid  reptiles.  The  method  of  replacement,  also, 
was  the  same,  as  some  of  the  teeth  preserved  have  the  crowns  of 
the  successicmal  teeth  implanted  in  cavities  in  their  fangs.     The 

1  Silliraan's  American  Journal,  vol.  v.  p.  74,  Jan.  1873. 
'  SilUman's  American  Journal,  vol.  iii.  p.  360,  May,  1872. 
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WKoBarj  groores  do  not  extend  into  the  premaxQlaries,  and  the 
fatter  do  not  appear  to  have  aupported  teeth.  The  ext^nal  appear- 
mtb,  moreoTBr,  of  the  premaxularies  seems  to  indicate  that  these 
knes  weire  oorered  with  a  homy  bill,  as  in  modem  Inrds. 

The  lower  jaws  are  long;  and  slender,  and  the  rami  were  united 
m  front  only  bj  oartilsga  The  dentaiy  bone  has  a  deep  groove 
imighoat  its  entire  length,  and  in  this,  teeth  were  thioklj  planted, 
■  in  the  jaws  of  IdUkj^oeawnu,  The  lower  teeth  are  similar  to 
flsMS  shore,  ttnd  all  were  more  or  less  reenrved.  (Plate  11.  figure  5.) 
these  grooree  contain  slight  prqjectiQns  from  the  sides,  but  there 
■•  no  tine  sobkets.  (Plate  IL  Figure  6.) 

The  scapular  arch  of  Beeperorms  presents  many  features  of  in- 
ksmL  The  sternum  is  thin  and  weak,  and  eiUirdy  without  a  keeL 
h  fronts  it  resemUes  the  sternum  of  Apteryx,  but  there  are  two 
r&rj  deep  poeterior  emarginatmns,  as  in  the  Penguins.  The  scapula 
■id  eorsooid  are  veiy  small.  The  wing  bones  are  diminutive,  and 
die  wings  were  rudimentary,  and  useless  as  organs  of  either  flight 
or  swimming. 

Hie  Tertebree  in  the  cerrical  and  dorsal  regions  are  of  the  trae 
Ofltthic  type,  the  articular  faces  of  the  centra  being  quite  as  in 
Bodem  birds.  (Plate  U.  Figures  7  and  d.)   The  sacrum  is  elongated, 
tod  resembles  that  in  recent  diving  birds.     Tho  last  sacral  vertebra 
is  qnite  small.     The  caudal  vertebrse,  which  are  about  twelve  in 
number,  are  very  peculiar,  and  indicate  a  structure  not  before  seen 
in  birds.     The  anterior  caudals  are  short,  with  high  neural  spines 
and  moderate  transverse  processes.   The  middle  and  posterior  caudals 
hsve  very  long  and  horizontally  expanded  transverse  processes, 
which  restrict  lateral  motion,  but  clearly  indicate  that  the  tail  was 
moved  vertically,  probably  in  diving.     The  last  three  or  four  caudal 
vertebrsB  are  firmly  coossified,  forming  a  flat  terminal  mass,  analo- 
gous to,  but  quite  unlike,  the  **  ploughshare  '*  bone  of  modern  birds. 
The  anterior  two  at  least  of  these  caudals  have  expanded  transverse 
processes. 

The  pelvic  bones,  although  avian  in  tyx)e,  are  peculiar,  and  present 
some  well-marked  reptilian  features.  A  resemblance  to  the  corre- 
sponding bones  of  a  Cassowary  is  at  once  evident,  especially  in  a 
side  view,  as  the  ilium,  ischium,  and  pubis  all  have  their  posterior 
extremities  separate.  The  two  latter  are  slender,  and  also  free  back 
of  their  union  with  the  ilium  at  the  acetabulum.  The  ischium  is 
spatulate  at  its  distal  end,  and  the  pubis  rodlike.  The  acetabulum 
differs  from  that  in  all  known  birds,  in  being  closed  internally  by 
bone,  except  a  foramen,  that  perforates  the  inner  wall. 

The  femur  is  unusually  short  and  stout,  much  flattened  antero- 
posteriorly,  and  the  shaft  curved  forward.  It  somewhat  resembles 
in  form  the  femur  of  Colymhua  torquaius,  Briin.,  but  tho  great  trochan- 
ter is  proiX)rtionally  much  less  developed  in  a  fore-and-aft  direction, 
and  the  shaft  is  much  more  flattened.  The  tibia  is  straight  and 
elongated.  Its  proximal  end  has  a  moderately  developed  cnemial 
process,  with  an  obtuse  apex.  The  epi-cnemial  ridge  is  prominent, 
and  continued  distally  about  one-half  the  length  of  the  shaft.     Tlie 
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distal  end  of  the  tibia  has  on  its  anterior  faoc  no  ossified  snpraten- 
diual  bridge,  dififering  in  this  respect  from  nearly  all  known  aquatic 
birds.  The  fibula  is  well  developed,  and  resemblee  that  of  the 
Divers.  Tlio  patella  is  large,  as  in  Podiceps,  and  in  position  extends 
far  above  the  elevated  rotular  process  of  the  tibia. 

Tlic  tiirso -metatarsal  bone  is  much  compressed  transversely,  and 
resembles  in  its  main  features  that  of  Colymbus.  On  its  anterior  faoe 
there  is  a  deep  groove  between  the  third  and  fourth  metatarsal 
elements,  bounded  on  its  outer  margin  by  a  prominent  rounded 
ridge,  which  expands  distally  into  the  free  articular  end  of  the 
fourth  metatarsal.  This  extremity  projects  far  beyond  the  other  two, 
and  is  double  the  size  of  either,  thus  showing  a  marked  dififerenoe 
from  any  known  recent  or  fossil  bird.  There  is  a  shallow  groove, 
also,  between  the  second  and  third  metatarsals.  The  second  meta- 
tarsal is  much  shorter  than  the  third  or  fourth,  and  its  trochlear  end 
resembles  in  shape  and  size  that  of  the  former.  The  existenoe  of  a 
hallux  is  indicated  by  an  elongated  oval  indentation  on  the  inner 
margin  above  the  articular  face  of  the  second  metatarsal.  The  free 
extremities  of  the  metatarsals  have  the  same  oblique  arrangement 
as  in  the  Cohjmhiday  to  facilitate  the  forward  stroke  of  the  foot 
through  the  water.  There  are  no  canals  or  even  grooves  for  tendons 
on  the  posterior  face  of  the  proximal  end,  as  in  the  Divers  and  most 
other  lurds ;  but  below  this,  there  is  a  broad,  shallow  depressionf 
extending  rather  more  than  half  way  to  the  distal  extremity. 

1'he  phalange's  are  shorter  than  in  most  swimming  birds.  Those 
of  the  large,  external  toe  are  very  peculiar,  although  an  approach 
to  the  same  structure  is  seen  in  the  genus  Podiceps.  On  the  outer, 
inferior  margin,  they  are  all  deeply  excavated.  The  first,  second, 
and  third  have,  at  their  distal  ends,  a  single,  oblique,  articular  faoe 
on  the  inner  half  of  the  extremity,  and  the  outer  portion  is  produced 
into  an  elongated,  obtuse  process,  which  fits  into  a  corresponding 
cavity  in  the  adjoining  phalanx.  This  peculiar  articulation  prevents 
flexion  except  in  one  direction,  and  greatly  increases  the  strength 
of  the  joints.  Tlie  terminal  phalanx  of  this  toe  was  much  com- 
pressed. Ilie  third,  or  middle,  toe  was  greatly  inferior  to  the  fourth 
in  size,  and  had  slender,  compressed  phalanges,  which  correspond 
essentially  in  their  main  features  with  those  of  modern  Divers. 

The  remains  preserved  of  Jfesperornis  regalis  show  that  this 
species  was  larger  than  any  known  aquatic  bird.  All  the  specimens 
discovered  are  in  the  Yale  College  Museum,  and  agree  essentially 
in  size,  the  length  from  the  apex  of  tlio  bill  to  the  end  of  the  toes 
being  between  five  and  six  feet.  The  habits  of  this  gigantic  bird 
are  clearly  indicated  in  the  skeleton,  almost  every  part  of  which  has 
now  be«u  found.  The  rudimentary  wings  prove  that  flight  was 
imi)ossible,  while  the  powerful  swimming  legs  and  feet  were 
peculiarly  adapted  to  rapid  motion  through  the  water.  The  tail 
a])pcar8  to  have  been  much  expanded  liorizontally,  as  in  the  Beaver, 
and  doubtless  was  an  efficient  aid  in  diving,  perhaps  compensating 
in  part  for  want  of  wings,  which  the  Penguins  use  with  so  much 
effect  in  swimming  under  water.  That  Ilespcrornis  was  carnivorous 
Is  clearly  proven  by  ita  teeth ;  and  its  food  was  probably  fishes. 
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Boologioal  position  of  Heiperomlt  is  evidently  in  the  Odon- 

•4;  bat  the  iDsertinn  of  llie  teetb.  in  grooves,  tbe  abaenoe  of  a 

I  tbe  etemam,  and  the  wide  difference  in  tbe  vcitebrte  rDquii'o 

be  placed  in  a  distinct  order,  which  may  be  called  Odontolca, 

lioa  to  the  posilion  of  tbe  teeth  in  grooves. 

two  orders  of  birds  with  teeth"  would  then  be  diatlngiiished 

rn:— 

Bnh-cltBi,  Odoktornitiibs  (or  Ates  Dbntai-i;]. 
ML  ID  KtelceU.    Vertebrw  biconcsTO.     Blernum  with  keel.     Wings  wjU 

developed.     Order,  OnoKToruiutjs. 
h>th  in  gnmtta.    Verttbnc   u  b  rwent  birds.      Slernuro  wilboot  keel. 

Wis^  rudinLEditar}'.  Order,  Odontolca. 
lomparing  Ickihyoraia  and  HetpeTomh,  it  will  be  noticed  that 
nbLoation  of  characters  in  each  is  very  remiirkiible,  and  quite 
rene  of  wb at  woald  naturally  be  expected.  The  former  hoH 
In  distinct  sockets,  with  biconcave  vertebrte ;  while  tbe  latt«r 
Btb  in  grooves,  and  yet  vertebrte  Biniilar  to  thoae  of  modern 
In  point  of  size,  and  means  of  locomotion,  tbe  two  preaenC 
«t  marked  conlrast.  The  fact  that  two  birds,  so  entirely  dif- 
liviug  Idgetlier  during  tbe  Cretaceous,  eboiild  have  been  re- 
i  in  roch  perfect  preserration,  8uggest§  wbat  we  may  yet 
3  learn  of  life  in  that  period. 

geological  horizon  of  aJl  tbe  Odonlomiihe*  now  known  is  the 
Cretaceous.  The  Associated  vertebrate  fossils  are  mainly 
loroid  reptiles  and  Pterodactyle. 

all  description  with  plates  of  all  the  known  Odonfomitket  is 
being  prepared  by  the  writer. 
LB  CoLuOB,  Kit  EiTBH,  Oct,  18M,  1876. 

EXPLANATION  OF  PLATE  11. 
w.  1-4.  leklhgeniii  diipar,  Hirab.    Twice  natural  >ize. 
Pia.  1.  Left  lower  jaw  ;  top  liew. 
„    2.  Left  lower  jaw;  nde  view. 
„    3.  Cerrical  reitebia ;  ride  new, 
„    4.  Some  Tertebra  \  front  view. 
>•.  6-9.  Httptremit  rtgalii,  Htnh. 

Pia.  e.  Left  lower  jaw;  lideTiew;  half  natural riie. 
„    S.  Left  lower  jaw;  top  view;  balEnataral  riie. 
„    7.  Donal  vertebra ;  ndeview;  natnral  sue. 
„    B.  Same  lertebra ;  front  view;  natural  size. 
„    9.  Tootb  ;  fonr  timea  natural  nze. 


II. — COSTBIBDTIONS  TO  THB  StDDT  Ot  TOLCANOS. 

By  JoH«  Vf.  JuDD,  P.G.8. 
Skoohd  Skbies. — Thx  Anoiknt  Voloanos  or  Europb. 
le  preceding  chapters  we  have  ^deavoured  to  throw  light  upon 
me  of  the  more  salient  characters  of  volcanos — the  features 
IT  architecture,  the  nature  of  their  products,  and  -the  pecnliari- 
their  attendant  phenomena.  In  doing  so,  however,  we  have 
red  to  select  our  illustrations  from  some  of  the  less  familiar, 
1,  as  we  hope  to  have  shown,  by  no  means  less  interesting 
XM  of  our  continent;   and  have  of  set  purpose  avoided  the 


54  J.  IF.  Judd — On  Volcanos. 

oft  described  examples  of  Yesavius,  Etna,  the  AuTergne,  and  the  ' 
Eifel. 

Before  we  turn  our  attention  to  the  eyidenoes  which  are  found  of 
the  existence  of  Yolcanos  in  the  same  area  during  former  geological 
periods,  it  will  be  instructive  to  pause,  in  order  to  take  a  brief  review 
of  the  existing  distribution  of  volcanic  agencies  in  Europe. 

Excluding  Iceland,  there  are  in  Europe  five  volcanos  biown  to  be  ^ 
still  active.  One  of  these,  Stromboli,  is  in  a  state  of  permanent  I 
eruption,  while  the  other  four — Etna,  Vesuvius,  YnloanOb  and  i 
Santorin — may  be  the  scat  of  a  paroxysmal  outburst  at  any  moment 
To  these  we  ought  perhaps  to  add  the  mud-volcanos  of  Sicily,  Tran- 
sylvania, and  Wallachia.  Some  other  volcanos,  like  the  Sol&tan  of 
Naples  and  the  Budos  Heg}'  in  Transylvania,  still  discharge  con- 
siderable quantities  of  heated  gas  and  vapour,  and  are  presomed 
^though  perhaps  erroneously)  to  be  approaching  the  stage  of  oom- 
plete  extinction.  Nor,  in  taking  a  survey  of  the  volcanic  phenomena 
of  Europe,  ought  we  to  omit  to  notice  those  innumerable  aooiOQa  of 
hot  water  and  gas,  which  perhaps  collectively  relieve  the  eBiAfn 
crust  of  more  heat  than  escapes  from  it  during  all  the  oatbnnbi  of 
volcanic  violence,  though  in  a  manner  so  much  leas  impnnive. 
These  hot  springs,  rising  probably  in  the  lines  of  old  vbkmnio 
iissures,  have  determined  the  positions  of  the  health-resorts  which 
are  found  in  such  abundance  in  certain  parts  of  the  Continent. 

But  a  large  number  of  mountains  and  hills  exist  in  Europe,  which,  i 
although  exhibiting  few,  if  any,  symptoms  of  igneous  activity  at  I 
the  present  time,  yet  in  their  structure  and  materials  present  so  many    : 
points  of  analogy  with  the  active  volcanos  which  we  have  enume- 
rated, that  no  one  can  for  a  moment  hesitate  in  assigning  to  them  a    ' 
similar  mode  of  origin.     Such  are  the  innumerable  extinct  volcanoi 
in  tlie  districts  of  Southern  and  Central  Italy,  the  Auvergne,  the 
Eifel,  the  Grecian  Archipelago,  the  Island  of  Sardinia,  and  that  lying 
oil   both  sides  of  the  eastern  end  of  the  chain  of  the  Pyrenees. 
Besides  these,  several  more  isolated  volcanic  cones  exist  in  Europe, 
such  as  that  of  Orgiofliof  in  Moravia,  and  the  well-known  Kammer- 
biihl  and  Eisenbiilil  in  Bohemia.      Among  these  extinct  volcanos 
every  possible  gradation  may  be  traced,  from  such  as  present  the 
most  perfect  and  unweathered  cones  and  craters,  the  complete  extinc- 
tion of  some  of  which  (as,  for  example,  those  of  the  Campi  Phle- 
gra>i  and  Ischia)  we  are  by  no  means  assured  of,  to  mere  shapeless 
lioaps  of  volcanic  materials. 

Besides  the  active  and  extinct  volcanos,  however,  there  are  many 
masses  of  rock  in  Europe  which  in  character  and  composition  betray 
unmistakable  evidences  of  their  igneous  origin ;  such  are  the  so- 
called  '-traps"  and  many  of  the  granitic  rocks.  Although  the  con- 
nexion of  these  with  volcanic,  or  indeed  with  any  kind  of  igneous 
action,  was  long  strenuously  denied,  yet  a  more  complete  knowledge 
of  such  rocks,  and  a  juster  conception  of  the  true  nature  of  volcanic 
a^ttiun,  has  now  removed  all  doubts  upon  the  subject  from  the  minds 
of  -geologists,  who  now  recognize  and  reason  upon  the  evidences  of 
volcanic  activity  in  tho  earlier  perio<ls  of  the  world's  history  with  no 
less  certainty  than  concerning  those  o£  tiie  ^^TeaotuV.  ^^5, 


mUe  and  a  half  frota  both  places,  was  styled  by  Goethe  "  a  pocket 
e^tion  of  a  volcano."  The  interest  which  this  object  has  excited 
tmong  geologists  arises  neither  from  its  magnitude  hot  from  the  per- 
fection of  its  preservation,  for  iu  both  these  respects  it  is  surpassed 
by  hundreds  of  volcanic  cones  which  might  be  mentioned  in  Italy, 
the  Auvergne,  and  the  Bhitieland.  But  from  its  pasitioo,  almost  in 
the  midst  of .  the  camp  of  the  Wemerian  school,  it  has  been  the 
object  of  many  a  fierce  oontroversy,  and  it  enjoys  the  probably 
unique  distinction  of  being  a  volcanic  coue  of  which  the  internal 
siraclure  has  actually  been  demonstrated  by  means  of  mining  opera- 
tions carried  on  within  and  around  it. 

The  word  "biihl"  is  an  archaic  German  one,  signifying  a  low  hill, 
the  distinctive  appellation  being  derived  from  the  district  in  which 
it  is  situated — the  Eammerwald.  The  Kammerbiihl  stands  upon 
a  plateau  composed  of  mica-schist  with  much  quart?,,  the  surface  of 
which  is  about  ISOO  foet  above  the  sea-level.  The  hill  itself  is  a 
very  email  one,  with  gentle  slopes,  its  elevation  above  tlie  surround- 
ing  plain  being  only  126  feet;  but  it  is  conB|)icuouB  on  account  of 
its  isolation.  Its  base  is  enveloped  and  concealed  by  the  thick 
superficial  deposits  of  recent  date,  for  at  no  very  distant  period  the 
whole  country  round  must  have  formed  a  series  of  vast  lakes  and 
morasses,  many  portions  of  which  are  still  undrained.  The  base  of 
the  hiU  is  an  irregular  oval  in  form,  about  500  yards  long  and 
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200  yards  broad ;  and  wo  can  perhaps  best  give  an  idea  of  its  true 
olinracler  by  describing  it  as  a  slightly -carved  ridge  of  cinders, 
stretching  from  north-west  to  Houlh-onst,  in  the  former  of  which 
directions  it  preeeots  its  greatest  elevation  and  steepest  slopes,  while 
iti  tlio  lalt«r  it  gradually  and  almost  insenaibly  sinks  into  the  plain. 

On  ascending  the  hill,  it  is  at  once  seen  to  be  compoaed  of  boaaltio 
scoring,  often  oont^uing  olivine,  mingled  with  larger  or  smaller 
quantities  of  fragments  of  the  mica-sobiat  and  qnartz  of  lite  plat- 
form on  which  it  stands.  But  the  best  idea  of  the  structure  of  the 
hill  is  obtained  by  means  of  the  large  artificial  excavation  tliat  has 
been  made  in  its  southera  part.  This  is  a  quarry  about  200  fort 
long,  80  feet  wide,  and  30  feet  deep,  from  which  the  soorito  are  dug 
for  covering  the  roads.  It  is  known  as  the  Zwergelocb  (Pigmies' 
Hole)  from  the  tradition  that  it  is  the  scene  of  nightly  assemblies 
and  revels  of  the  dwarfs. 

The  sides  of  this  quarry  exhibit  beautiful  sections  showing  that 
the  mass  of  the  hill  is  composed  of  basaltic  scorire  of  remanably 
fresh  appearance ;  but  scattered  among  these  are  angular  fragments 
of  clay-slate,  mica-schist,  and  quartzite,  often  exhibiting  a  bamt 
appearance,  and  not  unfreciuontly  of  a  bright-red  colonr.  The  whole 
mass  is  beautifully  stratified  (as  is  so  commonly  the  case  with 
the  materials  of  volcanic  cones),  the  varying  colours  of  tbo  diffeiBnt 
bands  giving  rise  to  a  very  striiiing  appearance.  Occasional  beds 
occur,  of  varying  thlckneBS,  which  are  almost  wholly  composed 
of  fiiigmenta  of  the  subjacent  rocks ;  these  we  may  refer  without 
doubt  to  the  action  of  sudden  explosions  tearing  away  the  sides  of 
the  vent.  Many  of  the  scorire  entangle  numerana  small  fragments 
of  tho  mctamorphio  rocks,  but  the  proportion  of  these  entering  into 
the  composition  of  the  cone  is  not  nearly  so  great  as  in  the  case  of 
many  of  the  Eifel.  Tlie  soorim  vary  in  size  from  that  of  a  pea,  or 
even  less,  up  to  a  yard  in  diameter.     A  few  well-formed  "  bombs  " 


Fio.  2.— Section  seen  in  eide  of  the  Zvcrgeloch. 
a,a.  StratlBrailioalUoMDric. 
t,  t.  UaDdB  midc  up  of  fr>em«DM  of  borntslale. 
r,  t.  Stntlfled  Bualtio  tcorlK. 
4yi.  PHuda-drkenHxapJlngUDFioffiult. 

occur,  but  do  not  constitute  any  large  part  of  tho  whole,  which  cor 
sisCs  mainly  of  very  rugged  scoriie.      A  number  of  small  faults  c 
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W  in  the  moss,  an.  interesting  example  of  which  \s  repn^sontod 
ig.  2.  bear  witness  to  the  violence  of  the  subterraiiBan  forces ; 
the  appearanoo  of  cheiaioal  action  on  the  materials  near  these  ' 
rther  vertical  fissures  indicates  tiiat  they  once  served  as  channels 
he  «Bcape  of  gases  and  vapours  (fumaroles).  Some  of  these 
ares  are  occapied  by  loose  materials  and  constitute  psetido-dykea, 
thoee  BO  frequently  seen  in  the  Neapolitan  volcanos. 
1  the  highest  summit  of  the  Kammerbiihl  there  exists  a  small 
depression,  about  15  yards  in  diameter  and  7  feet  deep.     It  has 

6Hp[  OS jil  to  represent  the  "  crater  "  of  the  volcano  ;  but  tliis 
ion  is  certainly  erroneous,  and  there  is  no  doubt  that  the  de- 
■an  in  qonlitm  baa  besB  oooadoned  bj  one  or  other  dI  the 
woBB  exonvatioiiB  wbioh  hBve  been  carried  on  in  this  hill,  taAm 
ie  poipase  of  diHOTecinE  ntinenl  treaanree,  or  of  ntiKfring 
difio  doobti.  tt  i«  olear  that  the  voloano  of  the  KammerbfiU 
wathnd,  gnaHj  from  iJ—iiJing  oanaeel  and  that  all  ita  extamat 
am  have  been  long  deabtgred.  Vtora  what  remanu  I  ahonld  be 
D  inftr  Out  a  aeriea  of  aavrasl  oinder  oonea  in  doae  apposition 
ioalfy  cKiatod  here,  and  that  the  one  at  the  noith>weat  end, 
it  waa  the  largest,  was  breaohed  by  a  lava-stream. 
he  Tsmaina  of  this  lava-stresni  are  veiy  dearly  seen  on  the 
tern  aide  of  the  highest  part  of  the  ridge ;  its  earfaoe  is  highly 
iaceouB,  and  only  some  of  the  more  rugged  portions  rise  above 
grass-grovm  slopes  of  the  hill.  The  remains  of  a  quarry,  from 
1^  rock  waa  at  one  time  obtained  (it  is  said  for  millstones,  and 
linly  for  building  pmposes,  as  shown  by  the  Roman  tower  in  the 
Castle  of  Eger),  are  seen  in  the  midst  of  this  lava-stream.  By 
.na  of  it  we  are  enabled  to  see  that  the  central  and  more  soHd 
a  of  the  lava  constitete  a  true  basalt,  with  much  magnetite  and 
ine.  This  lava-stream  cannot  be  traced  far,  and  it  appears  to 
e  been  one  of  those  of  very  imperfectly  liquid  character,  adhering 
be  sides  of  the  oone,  but  not  extending  itself  on  the  level  ground 
ind  it. 

Vom  the  above  brief  description  of  the  Kammerbiihl,  the  reader 
T  perhaps  conclnde  that  its  true  volcanic  character  is  so  obvious 
.  no  competent  observer  oan  ever  have  entertained  a  doubt  upon 
node  of  origin.  Suoh,  however,  is  vet^  far  from  having  been  the 
i.  Although,  as  early  as  1773,  the  Hitter  von  Bom,  in  a  series  of 
ers  to  the  Coant  von  Kinsky,  described  the  Kammerbiihl  as  "  an 
net  volcano," — yet  the  mischievous  influenoes  of  the  teachings  of 
mer  subsequently  manifested  themaelvea  in  many  attempts  to 
re  that  the  lava  of  the  KammBrbiihl  was,  in  common  with  the 
!r  patches  of  basaltic  rock  in  Bohemia,  "  a  floetz-trap  rook,"  and 
product  of  "  aqueous  precipitation." 

D  1792  F.  A.  ReuBS  (the  father  of  the  recently  deceased  dis- 
'nished  geologist  A.  E.  Reuss)  fonnd  the  evidences  of  the  action 
ire  in  the  materials  of  the  Kammerbiihl  so  overwhelming,  as  to  - 

him  to  put  forward  a  new  theory  of  ita  mode  of  origin.  He 
led  that  it  was  really  the  result  of  an  "  Brdbrand," — a  pheno- 
lOD  of  not  uQoommon  occurrence  in  Bohemia,  and  resulting  from 
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spontaneoas  oombustion  taking  place  in  beds  of  pjritous  brown  ooal 
It  is  of  course  unnecessary  to  point  out  the  utter  futility  of  sudi  f 
mode  of  explanation;  nothing,  indeed,  but  the  most  doBperati 
determination  to  escape,  at  all  hazards,  from  the  admission  of  anj- 
thing  like  volcanic  action,  could  have  led  to  its  being  entertainac 
even  for  one  moment 

In  the  midst  of  the  controversies  of  which  the  Eammerbiihl  hac 
thus  become  the  centre,  it  is  to  the  illustrious  Ooethe,  whoei 
philosophic  mind  so  successfully  grappled  with  some  of  the  mo0 
difficult  problems  of  comparative  anatomy,  botany,  and  other  soienoes 
that  geologists  are  indebted  for  an  able  and  independent  examinatiox 
of  the  whole  question. 

In  1809,  and  again  in  1820,  Ooethe  visited  the  Eammerbiihl,  anc 
the  result  of  his  studies,  as  given  both  in  Leonhard's  Taschenbnol 
and  the  ''Morphologic,"  was  to  place  its  true  volcanic  oharaotei 
beyond  question.  Subsequent  writers  on  the  subject,  the  list  a 
which  includes  the  names  of  Heinrich  and  Bemhard  Cotta,  Goldfoss 
Bischof,  Bcrzelius,  Ehrenberg,  Leonhard,  Noggerath,  Sternberg,  A 
E.  Heuss,  and  Jokely,  have  fully  confirmed  the  correctiiess  of  thi 
views  maintained  by  Goethe. 

But  the  most  interesting  part  of  the  great  German  poet's  oon 
tribution  to  this  subject  is  that  in  which  he  suggested  a  simph 
means  for  removing  once  for  all  the  doubts  concerning  the  trw 
origin  of  the  Eammerbiihl,  and  at  the  same  time  of  applying  to  th< 
Wernerian  doctrines  an  infallible  test.  He  showed  that  if,  as  "  th< 
Yulcanists  "  maintained,  the  basalt  of  the  Eammerbiihl  came  frw 
beloiOj  a  consolidated  duct  of  the  same  material  would  probably  b< 
found  in  the  midst  of  the  cinder  cone ;  and  he  suggested  that  mining 
operations  should  be  carried  on  in  the  hill  to  confirm  or  disprove  th< 
presence  of  such  a  central  core  of  basalt. 

In  1834:  the  Count  Caspar  von  Sternberg,  whose  contributions  tc 
fossil  botany  are  so  well  known  to  geologists,  detenuined  to  cari^ 
out  the  poet's  suggestions.  Already  shafts  and  galleries  had  beei 
sunk,  in  and  around  the  Eammerbiihl,  with  a  view  to  the  discover} 
of  beds  of  brown  coal.  One  such  gallery  is  said  to  have  been  carried 
in  1 776  to  the  distance  of  360  feet ;  but  of  the  details  of  these  earlj 
explorations  we  have  only  very  imperfect  accounts.  In  1820  Coum 
Sternberg  had  himself  caused  a  shaft  27  feet  deep  to  be  sunk  in  th( 
midst  of  the  Zwergeloch;  and  Heinrich  Cotta  had  in  1826  pu 
down  two  pits  at  the  summit  and  base  of  the  hill  respectively,  witl 
a  view  to  more  fully  determining  the  materials  of  which  it  i 
composed. 

Count  Sternberg's  experimental  works  at  the  Eammerbiihl  oon 
sistcd  of  a  shaft  on  the  south-west  side  of  the  hill  carried  down  t< 
the  depth  of  60  feet,  and  a  number  of  galleries  which  were  drivei 
both  from  the  bottom  of  the  shaft  and  from  the  surface  into  the  ver 
heart  of  the  hill.  Tliese  old  workings  are  now  nearly  filled  witl 
water,  but  the  entrance  to  them  is  ornamented  by  a  stone  archwa; 
bearing  the  following  inscription  :  "  Den  Naturfi-eunden  gewidme 
vom  Grafen  Caspar  Sternberg,  1837."    The  result  of  these  work 
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Mi  Id  ftiUy  wtkbluh  the  pnnnoe  of  a  oenini  mass  of  buftlt  in  the 
^te  cS  tlw  liill ;  tbe  pnwnoe  <^  wluoh  had  been  affirmed  by  "  the 
Waeiiisli,"  and-dasfld  \rj"iba  Neptnnians."  From  the  rendt*  of 
tmt  woAdi^  we  ftre  enabled  to  giTe  the  aooompanfiiig  eeotion  of 
*•  KHunerUihl,  Fig.  8. 


English  readers  will  iloubtleas  call  to  mind  that  a  similar  experi- 
ment^ test  was  at  an  earlier  date  suggosted  by  Hutton,  in  the  case 
of  the  veins  of  the  Salisbury  Crags,  and  was  carried  out  by  his 
friend  Sir  James  Hall. 

We  have  been  ted  to  dwell  at  some  length  on  this  story  of  the 
Eunmerbiihl,  because  that  object  forms  such  an  interesting  and 
instructive  link  between  the  undoubtedly  extinct  volcanOB  and  the 
lo-called  masses  of  "  trap-rock."  All  through  Northern  Bohemia, 
as  well  as  in  the  districts  of  Silesia  lying  to  the  east,  and  in  those 
of  Bavaria  to  the  west,  isolated  masses  of  basalt,  like  that  occupying 
the  centre  of  the  Kanimnrbiihl,  occur  by  hundreds ;  and  the  same 
is  found  to  be  the  case  in  the  districts  of  Central  Gkrmany  lying 
between  the  Tburingerwald  and  Hartz  Mountains  on  the  east,  and 
the  Bhiue  on  the  west.  In  many  oases,  as  near  Eisenach  and  Falda, 
mch  masses  of  basalt  are  shown  by  quarrying  operations  to  be  truly 
intrusive,  and  are  seen  to  have  given  off  veins  into  and  metamor- 
phosed the  surrounding  rocks.  Very  interesting  details  concerning 
the  physical  and  petrological  features  of  some  of  these  old  volcanic 
ducts  nave  recently  been  given  by  Frof.  Miihl  of  Cassel. 

If  districts,  like  those  of  the  Auvergiie  or  the  Eifel,  which  exhibit 
great  numbers  of  small  volcanic  cones,  were  subjected  to  such  an 
amount  of  denudation  as  would  remove  the  sheets  of  lava  and  tlie  piles 
of  scorise,  no  trace  would  bo  left  of  the  sporadic  outbursts  of  igneous 
forces,  but  a  number  of  isolated  masses  of  basalt  or  other  igneous 
rock,  rising  through  the  surrounding  strata.  Can  we  then  doubt  that 
sreas  (such  as  those  we  have  above  referred  to)  which  present 
piecisety    these    appearances   were   onco   surmounted   by   scattered 
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cinder  cones  ('' pnys ")  *  and  lava  currents  (-' chi^res"),  and  that 
these  have  been  removed  by  denading  forces? 

Of  the  larger  volcanic  moan  tains  mnch  more  striking  and  ocm-   '; 
Fpiciious  evidences  will  of  course  remain,  in  bills  of  introsive  iook«    ;; 
and  more  or  less  isolated  plateaux  composed  of  lavas  and  alten&atiiig    ; 
volcanic  agglomerates.     Such  may  be  witnessed  in  tbe  three  great    ' 
mined  volcanos  of  the  Auvergne,  those  of  the  SiebengebirgBy  the  '' 
Westerwald,  the  Habichtswald,  the  Vogelsbeig,  the  Rhongebiige,  in    - 
Cen tral  Germany,  the  Dnppauer  Grebirge  and  the  Leitmeritzer  Gtebiiga    - 
in  I3ohemia,  and  many  similar  masses  in  Hungary.     Nowhere,  how-    -^ 
ever,  can  the  phenomena  presented  by  such  a  great  ruined  voloano  be    - 
Ijctter  studied  than  in  the  interesting  Euganean  Hills  in  the  Korili 
of  Italy.     Here,  as  Prof.  Sues^  of  Vienna  has  so  well  shown,  denuda> 
tion  has  operated  to  such  an  extent  as  to  bring  to  light  in  the  most 
a^lmirable  manner  the  general  ground-plan  of  a  volcano, — ^wbich  he 
believes  must  have  rivalled  Etna  in  dimensions, — besides  revealing 
innumerable  instructive  sections  of  its  mass.     From  the  centre  of 
this  ruined  volcanic  pile  numerous  dyke-like  masses  of  vast  propoi^ 
tions,  and  composed  of  different  varieties  of  lava,  are  found  penetrat- 
ing tbe  beds  of  tuff  in  all  directions ;  these  of  course  marking  the 
several  fissures  which  were  formed  on  the  flanks  of  the  cone,  and 
injected  with  lavas  during  its  gradual  growth. 

By  examining  the  relation  of  such  masses  of  rock,  whether  of  laiger 
or  smaller  dimensions,  the  volcanic  origin  of  which  has  now  been 
placed  beyond  dispute,  to  the  various  sedimentary  and  fossiliferous 
formation,  they  can  be  proved  to  have  been  erupted  during  every 
one  of  the  epochs  into  which  geologists  have  divided  the  vast  periods 
concerning  which  the  "records  of  the  rocks"  afford  us  any 
information. 

The  task  of  determining  the  geological  age  of  a  series  of  volcanic 
rocks  is  often,  however,  one  of  considerable  difficulty ;  and  hence 
most  geologists,  in  constructing  their  maps,  are  content  with  merely 
indicating  the  extent  and  character  of  the  igneous  masses,  and  of 
perhaps  showing  also  their  relations  to  the  se<limentary  deposits, 
without  attempting  to  classify  them,  as  they  do  the  latter,  according 
to  the  period  of  their  formation. 

But  it  is  evident  that,  as  we  make  progress  in  our  study  of  the 
earth's  crust,  we  must  not  be  satisfied  until  we  can  refer  each  of  the 
outbursts  of  volcanic  forces  to  its  proper  place  in  the  geological  his- 
tory of  the  district;  nor  until  our  maps  indicate  the  agfs  of  the 
igneous  as  well  as  those  of  the  aqueous  deposits.  Then  only  indeed 
will  they  truly  deserve  the  title  of  "  geological  maps,"  and  we  shall 
bo  in  a  position  to  reason  from  them  concerning  the  sequence  and 
relations  of  geological  events — whether  of  the  slower  movements 
which  affected  the  earth's  crust,  during  the  quiet  accumulation  of 
sediments,  or  of  the  more  sudden  and  violent  ones,  that  heralded, 
accompanied  and  followed  the  paroxysmal  outbursts  of  the  volcanic 
forces. 

It  will  be  useful  then  to  inquire  what  are  the  means  which  the 
geologist  possesses  for  determining  the  date  of  formation  of  different 
Igneous  depoBits, 
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ose  Toasaes  oompos&j  of  sconce,  tuffs,  or  ashes,  wliich  are 
twl  (lurinf^  a  volcanic  outburst,  are  usually  among  the  fli-et 
oducta  that  yield  to  the  wasting  effects  of  denudation  ;  and 
9  organic  remaiiiB,  which  are  not  unfrequently  overwhelmed 
(eloped  in  such  materials,  have  in  too  many  instaaces  totally 
led.  Occasionally,  however,  in  conBequence  of  thoir  being 
up  by  masses  of  imrd  lavn,  or  through  beiDg  buried  under 
eot  sediraentary  fteposita,  Buch  fossilifcrous  volcanic  agglo- 
.  tuffs  or  asbes  have  been  preserved,  and  furnish  us  with 
palieoiitological  evidence  of  the  period  of  the  outbursts  by 
hey  w«re  rormed.  Sometimes,  indeed,  owing  to  the  process 
ificntion  baviug  ;^one  on   in  the  muss,  the  fussils  oontaiiied 

ntkn.  As  examples  of  soah  we  may  mention  the  tarraafarial 
inaeats,  ahella  and  bonee  of  Saroi  Fatak,  and  other  looditiM 
mi7,  of  Iiipftii,  Somma  and  Ardtan ;  the  laonatrine  BheUi, 
,  fiihiwi  and  tp**"™*^"  of  Bohemia  and  the  ADvemie ;  and  flta 
B  plants,  rii«lla  and  fiahea  of  laohia  and  tbe  Tioenfina. 
■  m  too  many  eoaoa,  nnfortanately,  this  direct  palnontologkal 
lee  of  Uie  date  of  a  Toloanio  outburst  i«  altogsthw  vanting,  and 
mlt^ist  is  compelled  to  fidl  haok  upon  less  direct,  though  not 
«rily  less  conclusive,  evidence.  Foremost  among  such  we 
mention  the  mode  of  association  of  the  igneous  rocks  in  question 
sedimentary  depoaits,  the  age  of  which  is  known. 
Te,  however,  we  must  point  out  that  the  lofrt  anoeiatton  of 
lUB  masses  with  a  particular  geological  formation  affords  no 
whatever  of  their  contemporaneity ;  and  geologists  ha\'e 
mfrei^uently  been  led  into  the  most  serious  error  through  too 
ly  assuming  such  to  be  the  case.  Thus  in  the  West  of  Scotland 
■asalta  ore  so  constantly  associated  with  the  Jurassic  rocks,  that 
f  one  was  at  first  led  astray  concerning  their  age  by  this  acci- 
il  connexion;  and  it  was  only  by  the  discovery  of  Miocene 
te  in  their  tnffs,  and  of  their  superposition  to  the  highest 
aoeous  rocks,  that  the  fallacy  of  the  inference  as  to  their  Jurassic 
was  made  apparent.  So  also  in  Bohemia,  as  1  had  an  oppor- 
:y  of  observing  under  the  guidance  of  Prof.  Fritsch  of  Prague, 
y  isolated  masses  of  basalt  are  found  in  the  midst  of  outliers  of 
k ;  in  this  case,  also,  the  association  is  purely  accidental,  the 
Its  being  unqnestionably  of  late  Tertiary  age,  while  the  masses 
ihalk  around  them  appear  to  owe  their  preservation  to  a  certain 
nut  of  induration  produced  in  them  by  the  igneous  intrusion, 
hua  it  becomes  clear  that,  in  reasoning  on  the  age  of  igneous 
a,  we  must  oonvince  ourselves  not  only  of  the  fact,  but  of  the 
re  of  their  association  with  the  sedimentary  rocks. 
^here  igneous  masses  are  found  clearly  overlying  sedimentary  - 
■sits,  or  where  they  penetrate  between  the  aqueous  beds  in  sheets, 
lucing  alteration  both  in  the  strata  above  and  below  them  ;  or 
re  they  traverse  the  sedimentary  formations  in  dykes,  or  enclose 
ions  of  the  latter,  whether  as  entangled  fragments  caught  up 
iva,  or  as  ejected  masses  enclosed  in  the  a^Iomerates ;  or  again 
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where  alteration  has  clearly  been  produced  in  the  sedimentary  rooki 
in  the  vicinity  of  the  igneous ;  then  in  all  these  cases  the  latter  an 
undoubtedly  of  more  recent  date  than  the  former. 

But  where,  on  the  other  hand,  the  fossiliferous  sedimentary  rooka 
overlie  the  whole  of  the  igneous  rocks  occupying  the  depreasioiia 
produced  in  them  by  denudation,  or  where  the  former  contain  pebUea 
derived  from  the  latter,  then  we  may  confidently  pronoonoe  tfaa 
igneous  masses  to  be  the  older  of  the  two. 

It  is  evident  that  if  the  relations  of  a  series  of  igneoua  rooka 
be  thus  studied,  we  may  often,  by  excluding  certain  geologioal 
periods  as  certainly  more  recent,  and  others  as  undoubtedly  mora 
ancient,  arrive  at  an  approximate  date  for  the  outbursta  by  whioh 
they  were  formed. 

If,  however,  tlie  igneous  masses,  whether  lava-streams  or  tuffs,  are 
seen  to  be  interbedded  with  a  series  of  fossiliferous  sedimenta,  tfaa 
former  having  clearly  produced  alteration  in  the  underlifing  atratai 
while  those  superposed  to  them  are  unaffected, — then  we  are  perfeoUj 
safe  in  inferring  that  both  the  igneous  and  aqueous  rocks  were  pro- 
duced during  the  same  geological  period. 

There  are  undoubtedly  cases  in  which  we  are  anable  to  apply 
either  of  the  methods  which  we  have  noticed  above,  whether  direot 
or  inferential,  to  the  determination  of  the  age  of  a  series  of  voloanio 
deposits.  In  such  cases,  however,  the  analogies  or  relations  of  aiioh 
igneous  masses  with  others  of  which  the  date  can  be  determined, 
may  bo  suflicient  to  warrant  us  in  assuming  with  a  high  degree  of 
probability  that  they  were  formed  during  the  same  period. 

Some  geologists  have  maintained  the  opinion  that  the  chemical 
and  niineralogical  features  of  volcanic  rocks  aifonl  in  themselves 
sufficient  evidence  of  the  date  of  their  foimation.  But  we  cannot 
admit,  in  the  present  condition  of  our  knowledge,  such  to  be  the 
case ;  there  are  cciiainly  rocks  of  the  most  widely  different  age,  but 
which,  having  been  subjected  to  similar  processes  of  alteration,  are 
now  quite  undistinguishable  in  character  by  any  test  which  we  are 
able  to  apply.  We  shall  not,  however,  be  misunderstood  as  uphold- 
ing the  converse  of  this  position,  and  assorting  that  all  igneous  rocks 
of  former  geological  periods  are  identical  in  character  and  compo- 
sition with  tliose  being  formed  at  the  present  day.  On  the  contrary, 
we  arc  driven  to  the  conclusion  that  while  many  facts  seem  to  point 
to  the  identity  of  character  of  ancient  and  modem  igneous  rocks, 
there  are  not  a  few  others  which  may  be  cited  as  tending  to  prove 
that,  alike  in  their  ultimate  composition  and  their  component  mine- 
rals, the  igneous  rocks  exhibit  remarkable  peculiarities  in  their 
distribution,  both  in  space  and  time. 

As  tlio  result  of  the  studios  carried  on  by  geologists  concerning 
the  age  and  relations  of  the  igneous  rocks  in  different  districts,  no 
fact  comes  out  more  strikingly  than  that  of  the  constant  shiflting  of 
the  centres  of  volcanic  action.  We  find  unmistakable  evidence  of 
the  alternation  in  the  same  area  of  epochs  characterized  by  great 
volcanic  outbursts,  with  others  in  which  the  gradual  deposition  of 
sediments  was  clearly  not  interfered  with  by  any  such  cause. 
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TlnM,  in  tfaooe  ]^OTtiontf  of  Northeni  Europe  which  have  been  best 
yfied  by  geoloffiats^  there  is  ample  proof  that  the  three  periods  of 
he  Lower  Silnnan,  of  the  Upper  Falaeozoio  (extending  from  the 
hffooian  to  the  Permian),  and  of  the  Miocene,  were  all  marked  bv 
Is  moat  Tiolent  outbursts  of  Tolcanio  forces;  while  in  the  intermedin 
is  psrioda  few;  if  any,  trsoes  of  snch  action  can  be  discoyered.  Bnt 
■hn  we  paae  to  other  areas,  we  find  the  most  violent  outbuists 
ddng  plaoe  in  w^hai  are  with  ns  pmods  of  qniescence,  and  9ice  versd* 
Kolhing  i»  more  certain  than  that,  during  the  mijddle  portion  of  the 
lieftiaiy  period,  the  districts  of  Western  Europe  must  have  been  the 
MBS  dT  voloanic  ▼iolence;,  on  a  scale  perhaps  far  surpassing  what  is 
mr  seen  in  South  America  or  the  Indian  Ardhincdago ;  and  that 
•far  since  that  period  a  gradual  dedine  of  the  volcanic  forces  has 
beaa  taking  place  in  our  area. 

Seeing,  then,  that  it  is  absolutely  certain  that  in  a  district  long 
vmsiked  by  volcanic  disturbances  these  powerful  subterranean 
■pndea  may  make  their  appearance,  gradually  attain  their  dimaz, 
mi  then  die  away,  the  foUowing  questions  present  themselves  as 
kbg  of  the  greatest  interest  to  tiie  geologist :  What  are  the  ciroum* 
tewes  and  attendant  phenomena  which  mark  the  first  appearance  of 
Tolosnic  activity  in  an  area  hitherto  quiescent  ?  What  are  the  several 
st^es  through  which  the  manifestation  of  igneous  forces  successively 
passes  in.  reaching  its  climax?  And  what  are  the  symptoms  that 
work  their  gradual  decline  and  extinction  ? 

With  these  there  presents  itself  another  problem,  namely,  that  of 
the  relation  of  the  violent  actions  attending  volcanic  outbursts  to  the 
perhaps  equally  powerful,  but  more  slow  and  extended,  movements 
which  take  place  in  adjacent  areas  not  exhibiting  any  manifestations 
of  the  volcanic  phenomena. 

On  all  these  questions  we  think  important  light  is  thrown  by  the 
study  of  the  volcanic  rocks  of  Central  and  Southern  Europe,  and  of  their 
relations  to  the  great  central  rock  masses  of  the  Alpine  system ;  and 
to  these  we  shall  proceed  to  direct  attention  in  subsequent  chapters. 

{To  be  eontinuid  in  our  next  Number,) 

m. — Sketch  of  the  Geology  of  Toe  Sound  and  Bell  Sound, 

Spitzbkboen. 
By  Professor  A.  E.  No&denskiold,  of  Stockholm. 

Part  II. 

(Continued  from  the  January  Number,  page  23.) 
rnHE  Fossil   Plants  from  Bear  Island  have  been   described  by 
J.  Prof.  Oswald  Heer ;  there  are  18  species  (see  Quart.  Journ.  Geol. 
Soc.  Lond.  1872,  toI.  xxviii.  pp.  161-173.  pi.  iv.),  namely : — 


1.  Catamites  radiatun,  Brgn. 

2.  Carditjpttria  frondoetty  Doepp.  sp. 
3. polymorpha,  Goepp.  sp. 

4.  Pal<Kopteri» Hoemerianay  Goepp.  sp. 

5.  Spheuopterie  Schimperi^  Goepp. 

6.  Lepidodtndron  Veltheimianum^  Stemb. 

7. eommutaium,  Schimp. 

8. Camegyianum^  Heer. 

9. Wijkianum^  Heer. 

10.  Lfpidt^Myi/mm  Jloemeri,  Heer,  \ 


11.  Knorria  imbricata^  Stemb. 

12. acicularis,  Goenp. 

13.  Cyelottigma  Kiltorkenae^  J  taught. 

14. minutum^  H  aught. 

16.  ITalonia  tuhfreuloea,  Brgn.  ? 

16.  Siigmaria  JieoideM,  Stemb. 

17.  Cardiocarpum punetatum,  Goepp.  et 

Berg. 

18.  Cardioearpum  tfriiniim,  Heer. 
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Somo  of  tliese  species  perhaps  may  be  found  in  loe  and  Bdl 
Sounds.     Hitherto  there  have  been  found  in  these  plaoes  only — 

In  Ice  Sound  (within  Gip's  Hook)  :  * 

1 .  CalamiUi  radiattUy  Brgn. 

2.  Lepidodendron  Veltheimianumy  Stemb. 

3.  iSiipmaria  Jicoidetf  Stcrnb.    Beautiful  spocimons,  with  rootletB  attached. 

4 .  Cf/clostifftna  Nathorsti,  Heer. 

5.  Fruit  of  a  Rhitoearpum. 

In  Bell  Sound  (north  shore,  immediately  outside  Axel's  Islands) : 

1.  Calamites  (probably  ra</ia^tM,  Brgn.). 

2.  Ktiorria  imbrieata,  Stemb. 

B.  Mountain  Limestone  Proper, — Both  the  Hecla  Hook  and  Lieffle 
]>Hy  stvatA,  and  the  strata  included  in  the  foregoing  division,  oonaiflk 
of  IVcsh-water  formations,  devoid  of  any  trace  of  marine  fossils; 
which  proves  that  Spitzbergen,  during  the  immense  period  of 
time  in  which  these  strata  were  deposited,  formed  a  considerable 
continent.  Later,  however,  these  circumstances  were  altered,  inss- 
much  as  that  part  of  the  globe  was  again  covered  by  sea,  from 
which,  with  only  an  inconsiderable,  perhaps  local,  break  (the  strata 
of  the  Coal-formation  in  Bell  Sound),  during  a  long  sequence  of 
geological  periods,  strata  of  great  extent,  containing  marine  fossils, 
were  clq)08ited.  Tlie  oldest  and  most  extensive  of  these  strata  be- 
long to  the  Mountain  Limestone  formation,  which  in  this  part  of  the 
polar  regions  is  specially  developed  and  rich  in  fossils. 

The  most  remarkable  localities  are  Bear  Island,  Mount  Misery, 
and  the  neighbourhood  of  Tobieson's  hut,  on  the  north  side  of  the 
island.  I  have  given  an  account  of  the  stratification  in  the  above- 
quoted  treatise  of  Heer.  The  Mountain  Limestone  fossils  from  this 
])lace  were  discovered  first  by  Keilhau,  and  a  few  species  are  de- 
scribed by  von  Buch.* 

South  Cape, — Hence  Keilhau  brought  home  some  few  fossils, 
which  are  preserved  in  the  Museum  at  Christiania.  The  fossils  de- 
scribed by  Toula,  which  were  collected  by  Payer,  are  also  from  this 
locality. 

ITorn  Sound, — According  to  Professor  Hiifer,  extensive  Mountain 
Limestone  strata  occur  here  in  the  region  of  Burger  Harbour,  and 
on  the  western  side  of  Marien-Spitz.' 

Bell  Sound, — Some  Mountain  Limestone  fossils  from  this  locality 
were  collected  by  Robert  during  the  French  Expedition  in  the  Re- 
cherche, and  are  described  by  von  Koningk,*aud  figured  in  the  large 
atlas  of  the  voyage  of  the  French  Expedition.  Lament  also  collected 
Mountain  Limestone  fossils  in  this  fiord.  These  are  described  by  Salter 
in  the  Appendix  to  Lament's  account  of  his  voyage.*  During  tlie 
Swedish  polar  expeditions  I  have  repeatedly  visited  this  fiord,  and 
collected  a  great  many  Mountain  Limestone  fossils,  part  from  Axel's 

1  Heer,  Ik'itruge  zur  Steinkoblen  Flora  der  artbchen  Zone,  Vet.  Akad.  Handl. 
B.  12,  No.  13,  1874. 

2  Abb.  dtT  Aknd.  d.  Wissensch.  zu  Berlin,  1846,  8.  65. 

a  Sitzuiifps  Ker.  der  K.  Akad.  d.  Wisscnsch.  in  Wicm,  Not.  1873  ;  June,  1874. 
*  Bulletin  de  I'Acad.  Roy.  de  Belgique,  torn.  xiii.  (No.  6),  and  torn.  xvi.  (No.  21). 
^  Season  with  the  Sea-horses,  by  J.  Lamont,  Loudon,  IbOl. 
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Undi^  asid  part  fkom  tiie  land  right  opposite/  lying  on  the  north 
ads  of  the  fiord. 

loe  jSoiomL — Parfly  ronnd  the  motAh  of  ike  Sound  on  the  island 
hfing  in  the  neighhonrhood  of  Safe  Haven  to  the  north-east,  and  in 
MBiglh  range  lietween  Green  Harbour  and  the  sea  (at  that  place 
int  diaooTored  by  Loven  in  1837),  partly  in  the  inner  part  of  the 
AmbuI  at  Skanabeig  and  Oip's  Hook,  on  both  sides  of  ^aas  Billen 
Btj,  at  Cape  Woem,  between  Ekman  and  Dickson  Bays,  and  on 
Gbpe  Wijk,  lying  opposite. 

tom^9  Batf.—NLonnttan  Limestone  fossils  were  brought  home  by 
Bbmrtrand,  during  the  expedition  of  1861,  from  the  land  on  the 
wufth  aide  of  the  mouth  of  the  fiord  above  the  Ck>al  Harbour. 

Bmloapen  Siraight. — South  of  Lomme  Bay  and  Wahlenbeig  Bay. 
Iio?fo*8  and  Angelin's  mountains,  etc.,  and  the  lofty  and  magnificent 
Boontaiiia  bordering  on  the  southern  part  of  Hinloopen,  are  formed 
principally  of  strata  of  limestone  and  flint,  which  belong  to  the  Moun- 
tun  Limestone  formation,  and  are  extraordinarily  rich  in  fossils. 

The  Somihem  Part  of  Stansforeland,  near  Deevie  Bay. — Here,  too, 
LsEDKmt  ooUeoted  Mountain  Limestone  fossils,  which,  together  with 
foanls  firom  Bell  Sound,  are  described  in  the  work  qaoted  above. 

At  several  places  the  strata  are  exposed  in  extensive  and  instructive 
profiles,  which  show  the  succession  to  be  the  following  : 

1-  (Lowermost)  Russian  Island  Dolomite, — A  peculiar,  grey  dolo- 
mite, yellow  after  weathering,  which  contains  no  fossils,  and  which 
in  Klaas  Billen  Bay  lies  immediately  above  the  sandstone,  with 
Calamites,  etc.,  described  in  the  foregoing  division.  This  dolomite 
(from  an  island  at  Shoal  Point),  according  to  an  analysis  by  G.  Lind- 
strom,^  contains : 

Carbonate  of  lime *     .  54*07 

„        of  magnefda 44*77 

„        of  protoxide  of  iron 0*32 

Chlorine trace 

Bemainder,  incombustible  and  insoluble  in  acidd  0*24 

99*40 

Like  the  dolomite  from  the  Hecla  Hook  formation,  from  which, 
however,  it  can  easily  be  distinguished  by  its  outward  appearance, 
the  composition  of  this  dolomite  corresponds  accurately  to  the  formula 

CaO  CO,  +  MgO  CO,. 

The  Russian  Island  dolomite  is  remarkable  for  a  very  peculiar 

coral-like  structure.     It  shows  scarcely  any  sign  of  stratificJition,  but 

is  in terst ratified,  particularly  on  the  Kussian  Islands  in  Murchisou 

Bay,  with  regular  strata  of  limited  extent,  partly  of  flint,  which  is 

al«o  devoid  of  fossils,  but  resembles  the  fossil-bearing  flint  on  AxePs 

Islands  in  Bell  Sound,  partly  of  a  mixture  of  flint  and  chalk,  in 

which  the  flint  often  forms  cylinders  3  to  8  millimetres  thick,  bent 

and  folded  in  a  multitude  of  ways,  which  in  form  completely  resemble 

coral  stems,  but  are  believed  to  be  altogether  destitute  of  inteiior 

structure. 

1  Oefvers.  af  Vet.-Akad.  Porh.  1867,  page  672. 

DXCXDir  XT. — VOL.  UI. — NO,  u.  5 


66        Prof.  A,  E.  Nordenskiold — Geology  of  Spitzhergen. 

2.  Jled  and  Wltite  Sandstone. — Pretty  loose  and  containiug  inde- 
tenniuable  dark  spots,  probably  the  remains  of  sea-plants.  Occars 
only  at  tlie  foot  of  Cape  Fanshawe,  where  it  overlies  the  Russian 
Island  dolomite  and  under  the  following  division.  Formerly  I 
identifiod  this  sandstone,  which  besides  is  thought  to  oocur  qu|te 
locally,  witli  the  Bear  Island  coal-bearing  sandstone. 

3.  Cyathoplnjllmn  Limestone.  —  The  above-mentioned  sandstone 
stratum  is  completely  absent  in  Ice  Sound.  Instead,  the  Bussiaii 
Island  dolomite  is  overlain  by,  or  more  correctly  passes  into, «  dolo- 
mite rich  in  coral  stems.  The  same  stratum  in  Bell  Sound  immedi- 
ately succeeds  the  lower  Mountain  Limestone  ("  Ursa  stage  ").  Thi« 
stratum  also  contains  corals,  and  in  Bell  Sound  a  Euomphalua  and 
remnants  and  fragments  of  tests  of  Crinoids,  in  Lomme  Bay  near 
Cai)0  Fanshawe  Brachiojpods,  which,  however,  are  distinguished  from 
the  Brachiopods  in  the  next  following  divisions  by  their  size  being 
smaller  than  ordinary. 

4.  Spirifer  Limestone  and  Gypsum. — A  somewhat  loose  grey  lime- 
stone (or  dolomite?),  particularly  rich  in  remains  of  Spirifer  and 
Bracliiopods  belonging  to  allied  genera  (the  genus  Productus  is  here 
less  numerously  represented) ;  overlies  the  strata  belonging  to  the 
preceding  division,  on  the  north  shore  of  Bell  Sound,  right  opposite 
Axel's  Islands.  In  Klaas  Billen  Bay,  again,  the  CyathophyUum 
stratum  is  covered  by  a  stratum  of  gypsum,  generally  grey  in  colour, 
and  infused  with  nodules  of  white  alabaster,  which  at  first  is  soft,  but 
hardens  when  kept  dry  for  some  time.  Anhydrite  is  also  found  in 
some  ])lace8  in  abundance  along  with  the  gypsum.  On  Bear  Island 
and  at  Ilinloopcn  (where  the  strata  of  gypsum  are  absent),  this 
division  is  thought  to  coiTe8})ond,  in  the  former  place,  to  a  stratum 
of  sandstone,^  with  Spirifer  Keilhavi,  Buch,  and  in  the  last-mentioned 
place  to  a  sandstone  mixed  with  limestone,  and  infused  with  green 
specks,  and  which  is  particularly  rich  in  large  well-preserved  Brach- 
iopods, Productus  included.  It  is  probable  that  there  is  no  true 
pala^ontological  separation  between  this  division  and  the  following. 

5.  Productus  Limestone  and  Flint. — In  Ice  and  Bell  Sounds,  as  well 
as  in  Ilinloopen,  the  Spirifer  Limestone  and  gypsum  are  covered  by 
a  stratum  of  impure  limestone  rich  in  silica,  or  by  a  black  flint, 
extraordinarily  rich  in  fossils,  specially  in  Producti  of  large  size 
and  with  large  shells.  Within  this  division  the  flint  strata  of  silica 
are  scarcely  ever  of  the  nature  of  sandstones,  but  form  beds,  several 
hundred  feet  thick,  consisting  of  a  nearly  pure  flint,  and  I  think  it 
highly  probable  that  the  formation  of  these  immense  flint  beds 
stands  in  connexion  with  the  eruptions  whence  originated  the  massive 
layers  of  plutonic  rocks,  which  meet  us  everywhere  on  Spitzbergen, 
and  wliich  in  many  places  form  the  vei*y  boundary  between  the 
Mountain  Limestone  and  the  overlying  strata  belonging  to  later  for- 
mations. The  profiles  below  exemplify  the  mode  of  occurrence  of 
the  strata  belonging  to  this  division  in  Bell  Sound  and  Ice  Sound. 

^  According  to  von  Buch,  Eeilhau  states  that  Mount  Misery  consists  entirely  of 
sandstone  (compare  Ton  Buch,  Berlin  Akad.  Ber.  1846,  p.  145).  I'his  statement,  how- 
ever, is  incorrect. 
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Pw.  i.1— Fndla  of  As  North  Shon  of  Tu  Mijm  B«7,  Eut  of  Frithiof*  OImmt. 
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•  rttfaw  Mongi  to  A*  mbm  dlTirfim  u  As  Coal-bsuiig  ftntun 
'-  "I  iiwoBndmbh  IsjTB  of  eong^amerate. 

iMMrtnw. — A  hud,  ttvjt  in^mn  Unmtoni  or  dolomit*  oon- 
>  (flfUti^^^hm),  ■  Awa^tMH^  ud  portum*  of  bodia  tnd  Btmu 

iJAr  Jwmfawf,  loDH,  gttrj,  emwrtiBg  tlBWct  axclnnTdf  ^  renniiu  of  fii*- 


i-  Flirt,  rich  IB  impreMiDU  ud  nmiuu  of  Bnchiopodi,  aapcdallj  of  Pnitulm. 
SmBw,  thon^  Im  eit«nuTe  fliot  bads,  bat  wittioat  foadl*,  Ue  betwani  tha  Cftht- 
flifUiim  Limntone  (etage  2),  but  crop  out  Rrat  esiit  of  these  limestoDe  itraCa  in  such 
■iwiduce  that  they  form  the  principal  maee  of  the  muuutam.  It  is  possible  in  thi( 
si^htT  lucretaion  of  Btntta  to  distinguish  tno  divisions. 

J*.  A  tney  (but  beconung  rellowiEli -brown  tbrougb  weathering],  very  close  and 
toopact  >an<lstone  eantainisg  ^ime,  nhich,  when  fieshly  broken,  hiu  a  homogeneous 
qipannu.  bat  when  eiposed  for  a  ccmaidenible  time  to  the  action  of  the  atmosphere, 
hat  s  ron^h  and  irregnlar  Burface. 

U.  A  black  Qint,  weathering  to  a  limited  eitent  when  eiposed  to  the  air.  These 
■tnB  are  qoite  identical  in  respect  of  the  organic  remains  thev  contain.  The  fanner 
takt  up  nearly  tiie  whole  nf  Aiel's  Islands ;  the  latter  a  small  ridge  on  the  east  side 
>f  tb«  itlaod.  On  the  sonthtm  island  this  flint  stratum  ia  covered  by  a  pretty  loose 
Barl-Mhi<t  with  fosglls  of  larious  Unds, 

fi.  Sandstone  with  traces  of  vegetable  impressions,  probably  belonging  to  the  same 
period  of  time  as  the  stratum  in  Kobnt'a  Valley  (IV.,  C.) 

'.  Frithiof  8  Glacier.— On  the  low  land,  «bicb  ia  now  taken  up  by  the  glacier,  were 
nbvrved  in  I85U  both  black  schists  and  n  frtj  sandstone,  which  in  all  probability 
•In  belonged  to  the  same  period  of  time  aa  the  stratum  in  Robert's  Valley,  and  in 
the  ^ve-moiuid  now  covered  by  ice,  layers  of  a  black  schist  rich  in  pyrites,  which 
praubly  belongs  to  the  Jurassie  loimatiuD. 


Pio.  5.— Pn^e  of  the  st 
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ta  on  the  high  ridge  between  Green  Barbour  and  the 
sea,  by  von  Drosche. 
rev  limestone,  containing  silica,  with  a  few  fossils  {Spirifir  and  Prodatlui). 
I  sudstune,  yeUow  after  weathering,  with  an  immense  number  of  fossils 
M,   Corals,  .Vpiri/tr,  iTod;ctui.  etc.).     3.  Flinto,  eontaining  no  (oasils,     4. 
It  diabase,  with  pretty  lai^  felspar  crystals. 
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Fia.  6.— Profile  oi  Stnta  at  Safe  HiTsn. 

1.  ThefiH>toItb«Alkhoni.cQnflEtingofnpckEookitrata.  Z.  Section  of  poiiaMdi 

on  the  fast  side  of  Safe  Haven,  fanned  of  lerticBl  lajen  of  limeatone,  contunuf 

silira  and  Hint,  Terr  rich  in  foHils,  Froiueitu,  Spirifir.  etc.  (etoge  6).    3  and  4. 

tilnciers  with  steep  iDcIiiiation  :  3  in  the  bottom  of  Safe  HsTen,  t  east  of  th*  peni>' 


Fio.  7.— Profile  of  Strata  on  the  «Mt  aide  of  Eknun  Bay. 
1.  Glaeier.     2.  Red  Lipfde  B»t  schist*.     3.  Dolomite,  Spirifer  Umertone  and  flint 
i.  Diabase.     S.  Snow-field  (mer'de  gUce).    6.  Bock  dcbns. 


a  at  the  bottom  of  Klaaa  Billcn  Bay  [according  to  ton 
Viasche). 
I.  Liefde  Bay  Btrata  (fonnerlT  referred  to  the  upper  part  of  the  Hoela  Hook  fot- 
'      tainLimeslone.     3.  Glacier. 


—Profile  of  81 


Fio.  9. — Profile  of  Qip's-hook  (according  to  tfathont). 
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U.  (Imneniuivt)     San^ooe  and  conglamomtc  of  very  ihsi^-comered  piecet  of 

iirti,  abnre  wtiirh— 
fbj^ste  eontaiiUDg  ooal.  mixed  with  uacl,  witli  Zipidadrndren,  Sliffmaria,  and  - 
fcwifii,  etc.,  and  iqipcnuoit.  4 

ftgl  andttone  mud  coDglomfrati?.  contoitung  frn^enta  of  LiefAe  Bsj  etraU.    Tttt  ' 
kimstatc  u  mncli  weathered  and  bruken  donni,  in  (tie  bottoni  red,  then  Rreen,  tboL  ' 
■V.    Th«H  itratt  ^bafaly  belong  tn  the  lower  Mauntain  Luaestone  (Ursa-itage)^  , 
L  Lavtnnact  Biunan  Island  dnlomite,  above  ichich  Cyathophyllitin  (trata. 
t  Emtnm  tA  ^rp^nm  ISO  to  200  feet  thick. 
k.  HMnttain  LnDntone  vitb  Spiri/cr  and  iVnfuedu.    In  these  itrafa  oocnr  flint  ' 

ril«f  gnat  thicbicn.  j 

S.  PUce«  corered  b;  debtia.  J 

S.  Snuic-fields  nluch,  on  the  highest  part  of  the  moiintaiu,  art  not  malted  doriaK  • 

Of  the  fcssile  fouod  in  theso  Birata,  our  distingutBhed  palseontolo*  ' 
bt  Dr.  G.  Lindfltrom,  of  Wisby.  haa  given  the  following  Bketcb,  but 
ift  the  reservalion  tbnt  it  ia  only  a  provLBionttl  statement.  An  I 
dtaustive  (Ussertalion  on  tbeia  will  be  commuuiuited  to  tha  i  , 
jadtray  of  Science  at  n  future  period.  Tbe  material  for  examina*  j 
on  whicb  Dr.  Lindslrom  bad  at  hie  disposal  foims,  however,  onlr 
w  lesser  part  of  tbe  collections  brought  home  by  the  SNyedish  ' 
Izpedilions.  Ttie  prinuipal  part  hna  been  handed  over  upwards  of 
>a  Tears  ago  to  the  Superintendent  of  the  Paheonlological  Division 
f  tb--  liiks  Museum. 

"The  number  of  Mouutain  Limestone  fossils  ooUected  during  the 
Expedition  of  1868  and  since  amounts  to  63,  besides  undetermined 
ngmenta  of  several  others.     Of  this  number 

2  Epeciea  l»eIong  to  Crutlaaa 

2       „  „  Oaitiropoda 

It        „  „  Lameilibranthia 

34      „  „         Braehugfoda 

7      „  „         Folyxwi 


The  great  preponderance  in  the  number  of  species,  their  well-  . 
preserved  condition  and  the  greater  certainty  arising  therefrom 
ia  determining  them,  serve  to  mcike  the  Braehiopoda  better  fitted 
thui  any  other  group  for  a  comparison  of  the  Mountain  Limestone 
^nna  of  Spitsbergen  with  that  of  other  lands.  Wliat  firqt  strikes 
one  with  surprise  in  doing  so  is  that  this  fauna  contains  several 
species  which  have  been  hitherto  known  only  as  Permian.  There 
can  DO  lunger  be  the  slightest  donbt  that  these,  which  have  been 
wondered  exeltuiveli/  Permian,  and  consequently  in  a  high  degree 
ctiaracleristio  of  that  formation,  rest  in  Spitzbergen  and  Bear  Island 
in  beds  which  contain  a  larger  number  of  species  exclusively  cha- 
rvleriatic  of  the  Mountain  Limestone.  Such  'Permian'  species  are 
Camarophoria  Hunbletoneaaii,  Howse ;  Producltu  eancrini,  Vemeuil ; 
"ndaetus  Leplayi,  Vem.;  Produetua  horridua,  Sow.;  Strophaloiia 
imeiloia,  Qeinitz. 

'  To  this  nnmber  might  be  added  KTeial,  aa  Spirifer  Keitlumi,  Bnch,  eto.,  it  I 
en  not  doubtful  of  their  identitv,  aa  they  are  absent  in  the  collections  fonned  b; 
mdeiukii^,  and  I  have  not  atheniise  had  opportUDity  to  lee  them. — G.  Lindatriim. 
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A  couple  of  others,  Athyris  Boissyi,  L6veill6,  and  Camaropiaria 
crumena,  Mart.,  were  also  considered  to  occur  only  in  Permian  strata 
until  Davidson  by  his  accurate  researches  showed,  in  his  monographs 
on  the  Permian  and  Carboniferous  Brachiopoda  of  England,  that  they 
wore  common  to  both  formations.  He  considers  (according  to 
Ramsay,  Anniv.  Addr.  of  the  Pres.  Geol.  Soc  of  Ix)ndon9  1863, 
page  22)  that  the  half  of  the  Permian  Brachiopoda  were  surviving 
Mountain  Limestone  species.  We  must  suppose,  for  example,  that 
Productus  cancrini  also  occurs  in  the  Carboniferous  formation  in 
Kussia  and  England,  and  thus  is  one  of  the  common  species ;  bnt 
there  still  remains,  besides  Straphalosta  and  Camarophoria,  a  type  so 
distinct  as  Productus  horridua,  which  occurs  in  Spitzbergen  as  two 
dififerent  races  or  varieties,  of  which  one  attains  a  giant-like  sizie^ 
viz.  8G  millimetres  in  height  and  67  mm.  in  breadth,  while  the 
largest  Permian  specimens  are  only  43  mm.  high  and  42  mm.  broad 
As  the  preponderating  number  of  fossils  are  such  as  characterize  the 
Mountain  Limestone  of  the  Carboniferous  formation,  we  must 
suppose  that  types  which  in  the  rest  of  Europe  made  their  first 
appearance  after  the  formation  of  the  great  Coal-measures  here  lived 
contemporaneously  with  species  which  were  anterior  to  the  de- 
position of  these  beds  in  other  countries.  We  may  accordingly 
suppose  that  the  Permian  species  after  the  lapse  of  a  lengthened 
period  migrated  to  the  rest  hx>m  another  sea,  in  which  new  oiroum- 
stances  had  arisen. 

What  besides  gives  the  Mountain  Limestone  fauna  of  Spitzbergen, 
so  to  speak,  so  Permian  a  character — granting  that  it  is  only  negatively 
— is  the  complete  absence  of  any  representative  of  the  genus  Orthis, 
which  appeared  during  the  Coal  Period,  and  numbered  fifteen  species, 
extremely  rich  in  individuals  and  widely  spread,  while  during  the 
Permian  age  there  was  not  a  single  one  to  be  seen. 

The  Permian  is  not  the  only  formation  with  which  the  Moun- 
tain Limestone  on  Spitzbergen  has  species  in  common.  Ehynchonella 
pleurodon,  Sowerby,  increases  the  number  of  the  species,  which,  like 
Strophomena  rhomboidaUs  and  various  Polyzoa  and  Corals,  survived 
from  the  earlier  Silurian  age  to  the  Carboniferous  formation.  Among 
the  numerous  varieties  of  the  last-named  Brachiopod  is  that  one 
Davidson  delineated  in  his  monograph  on  the  Mountain  Limestone 
Brachiopoda  of  England,  plate  xxiii.  fig.  12,  in  all  respects  com- 
pletely corresponding  with  that  variety  of  the  Silurian  BhynchoneUa 
Wihoni,  Sowerby,  which  he  delineated  in  his  Silurian  monograph, 
plate  xxiii.  fig.  10. 

If  we  accept  a  number  of  not  less  than  twenty  varieties  of  species 
of  Bi-achiopoda,  which  are  distributed  over  nearly  all  the  countries 
where  the  Mountain  Limestone  is  found,  there  remain  some  which 
closely  connect  the  Mountain  Limestone  of  Spitzbergen  with  that  of 
Russia.  These  are  Spirifer  incrassatus,  Spirifer  bisidcatus,  var.  Sa- 
rana,  Terehratula  fusiformis,  Productus  Humboldti,  Glionetes  vartolaris. 

The  species  most  characteristic  of  the  Mountain  Limestone  of 
Spitzbergen  are  Productus  cancrini,  Prod,  Weyprechtt,  and  Prod, 
horridus,  which  occur  in  great  abundance  at  most  of  the  localities. 
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Among  iSie  other  fotnla  the  piepondeiating  number  belongs  to  the 
OMMnifaioiis  fonnation,  as  Emow^kalui  eaUUut^  Mmdieulipora  tumida, 
flbiuin  raJi— f,  C^alfajpHjfffww  Sndfmmf  and  Syringoporm. 

TIm  final  veanlt  of  theae  preliminary  ezaminationB  is  that  the  strata 
froB  wbkh  tlie  fiwaila  an  derived  trnly  belong  to  a  division  of  the 
MooBlain  Ldmeatone  of  the  Oarboniferons  formation,  bat  possess  a 
peooliar  chnraoter  ftom  the  intermixture  of  species  oooarring  in  other 
qsantriea  only  in  the  Permian  formation.  In  oonseqnenoe  of  the 
OQonrrenoe  of  these  Permian  types,  the  supposition  lies  ready  to  hand 
tfastt  the  Moimtain  limestone  of  Spitsbergen  is  a  later  link,  if  not 
cuuespundin^  at  least  analogous  to  the  Upper  Mountain  Limestone 
ef  SoodaDd,  which  is  separated  ftom  the  Lower  Mountain  Limestone 
hj  a  series  of  Ooal-beds. 

CL  The  Oorbom/ermu  formaticn  proper, — Strata  belonging  to  this 
nmarkaUe  age  have  been  found  mtherto  only  to  an  inconsiderable 
eitsnt  on  Spitsbeigen,  namely,  in  Bobert's  Valley,  on  the  eastern 
side  of  the  great  bottom  glacier  in  Becherohe  Bay.  A  river,  con- 
sidnahle  for  Spitabeigen,  fidls  into  the  sea  here.  One  of  its  banks 
ii  formed  of  the  high  icebergs  of  the  glacier  very  uneven  and  much 
broken ;  the  other  of  vertical  strata  of  sandstone  and  slate,  which  in 
many  places  dip  precipitously  with  a  shelf  lOilt.  to  20ft  high  next 
the  river.  The  slates  alternate  many  times  with  the  sandstone  or 
qoartzite,  and  when  wet  are  coal-black.  Coal,  however,  does  not 
occur  here,  but  abundance  of  vegetable  impressions,  especially  in  a 
stratum  of  slate  near  the  mouth  of  the  river.  A  complete  description 
of  these  impressions  by  Professor  Oswald  Heer  will  be  published  in 
the  Transactions  of  the  Academy  of  Science  (Stockholm).  In  a  pre- 
liminary statement  printed  in  the  Ofversigt^  this  distinguished 
inquirer  says  :  "  Though  most  of  the  vegetable  remains  are  so  frag- 
mentary as  not  to  admit  of  accurate  determination,  it  is  fortunately 
the  case  that  others  are  so  complete  that  they  will  certainly  denote 
the  age  of  the  formation.  The  most  common  are  small  ferns,  of 
which  the  greatest  number  belong  to  the  group  TrichomantdeSy  of  the 
genus  SphenopUrts.  On  the  contrary,  there  are  none  of  the  larger 
ferns  belonging  to  the  genera  Pecopteris  and  Ncuropieris,  elsewhere 
common  in  the  Carboniferous  formation. 

"  The  ribbon-like  leaves  of  Cordaites  (  C  horasaifolia  and  C.  primor- 
iiaU$)  and  remains  of  Lepidodendron  are  also  common.  Of  the  latter 
have  been  found  several  pieces  of  bark  belonging  to  tree  stems  of 
considerable  age,  and  a  couple  of  very  beautiful  cones;  younger 
hranches  are  however  most  common.  The  species  belongs  to  the 
same  group  as  Lepidodendron  Sierribergii,  Lindl.  Of  Sphenophyllum 
and  ABterophyllites  there  occur  at  least  scattered  leaves.  A  character- 
istic fruit,  with  point  deeply  cleft  in  two,  allied  to  Bhahdocarpus 
davatuB,  Stemb.,  is  also  not  uncommon.  Of  Stigmarta  there  occurs 
a  type  with  wavy  grooved  stem  and  large  seams." 

>  Oswald  Heer.    "  Anmarkningar  ofrer  de  af  Svenska  polarexpeditionen  1872- 
1873  npptackta  foMila  raxter,"  Ofvers.  af  K.  Yet.-Akad,  Forh.  1874,  No.  I. 
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These  plants  show  undoubtedly  that  the  black  shites  at  Bobert'a 
Hivcr  belong  to  the  Carboniferous  formation,  and  the  speeies  hitherto 
observed  correspond  to  those  of  the  group  of  the  Coal-measures  proper, 
to  the  upper  division  of  which  thej  ought  perhaps  to  be  referred. 

The  thickness  of  these  strata  I  estimate  at  1000ft.  to  200Qft.  The 
same  strata  probably  extend  over  Cape  Ahlstrand  to  Van  Keulen's 
Bay,  and  in  that  case  they  form  the  mass  of  the  high  mountains 
situated  at  the  Cape  just  named.  The  place  was  visited  by  me 
immediately  before  we  weighed  anchor  to  return  to  Tromso,  and 
imfortunately  on  that  account  I  could  not  then  extend  my  exami- 
nation far  beyond  the  ixxsks  on  the  shore.  Probably  the  same  strata 
will  be  found  at  various  other  places,  for  example,  on  the  southern 
shore  of  Van  Mijen  Bay,  within  Mitter  Hook  in  Bell  Sound,  and  to 
the  same  division  it  is  probable  that  the  sandstone  and  slate,  with 
inconsiderable  traces  of  impressions  of  plants,  which  overlie  the 
Produc^uA-bearing  qUartzite  and  limestone  strata,  belong.  At  this 
place,  loo,  there  is  no  trace  of  a  coal-bed. 

In  Ice  Sound  also  we  find,  on  the  further  side  of  (he  Fattneu,  a 
(juartzite,  resembling  the  corresponding  rock  at  Robert's  Valley ;  and 
as  it  lies  between  the  Mountain  Limestone  and  the  Triassio  strata, 
it  is  highly  probable  that  the  upper  Coal-formation  also  occurs  here. 

Y.  Trias, — Strata  belonging  to  the  Alpine  Triassio  formation  are 
met  with  in  Ice  Sound  partly  at  Cape  Thordsen,  partly  south  of  the 
entrance  to  the  Sound,  a  little  west  of  ''the  Fastness"  on  Cape 
St'vratschin.  At  Cape  Thordsen  the  strata  are  nearly  horizontaL 
Farther  inwards  on  Dickson*s  Bay  and  Elaas  BUlen  Bay  they  rest  on 
strata  belonging  to  the  Mountain  Limestone  formation,  and  are 
overlain  at  the  summit  of  the  mountain  partly  by  strata  which 
aro  probably  Jurassic,  partly  by  very  thick  beds  of  diabase.  The 
Triassio  strata  on  Spitzbergen  consist  principally  of  black  clay- 
slate,  interstratified  with  beds  of  limestone  and  coprolite  strata,  and 
here  and  tliere  containing  immense  perfectly  round  nodules  of  lime- 
stone. At  some  of  the  localities  the  strata  are  rich  in  fossils,  partly 
of  invertebrate  animals,  described  by  Dr.  G.  Lindstrom,*  partly  parts 
of  skeletons  of  Saurians,  on  which  a  short  memorandum  has  been 

contributed  by  Mr.  Ilulke '  to  the  Ofversigt  of  the  Academy. 

Since  the  material,  which  formed  the  subject  of  these  notices,  was 
described,  the  coprolite  beds  occuiTing  here  in  rich  abundance  have 
given  rise  to  an  attempt  to  utilize  them  for  the  preparation  of 
manure.     With  this  view  Ice  Sound  was  visited  in  the  summer  of 

1872  by  a  special  Swedish  Expedition,  in  which  Dr.  P.  Oberg  took 
part  as  geologist.  He  had  thus  an  opportunity  of  making  a  further 
collection  from  these  interesting  strata  of  a  great  number  of  fossils, 
whereby  the  material   formerly    brought  home    was   considerably 

increased.  Dr.  Oberg's  rich  collections  have  not,  however,  yet  been 
described. 

'  G.   Liiidstrom.    "  Om  Trias-  och   Juraforsteningar  fr&n  Spitzbergen,**  Vet.- 
Akad.  Hamll.,  B.  VI.  1865. 

*  J.  W.  Hulke.     "  Alemorandum  on  some  Fossil  Vertebrate  Remains  collected  by 
the  Swedish  Expeditions  to  Spitzbergen  in  1864  and  1868,'*  Bihang  till  Vet.-Akad. 
Hand!.,  Band  i.  No,  9, 
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the  Sanmn  reraainB,  a  munbev  of  large  and  bea\iHfully  pre- 
^ephnlopoda  excite  utteotion.  The  eucceBsion  of  strata,  at  least 
ltd  app<-Krance,  is  exceediugly  tiniform.  We  have — 
o'wennost)  A  thick  Etratiim  of  black  nnfossilireroua  clay- 
rhi^  stratum  ig  to  !»  found  exposed  on  the  south  bauk  of  the 
tiicli  intersects  Reindeer  Valley. 

iri^ontal  strata  of  black  slate  and  Beams  of  limestone  con. 
a  great  many  fossils,  which,  however  belong  only  to  a  few 
tunong  which  may  be  named  Halobia  Zitteli,  Lindetrom,  and 
Cephalopoila  strongly  pressed  together  and  crashed.  TbesA 
>rm  the  rocks  at  the  outermost  point  of  Cape  Tbordseii. 
stratum  of  diabase,  which  at  least  at  Cape  Thordson  overlies 
going  stratum,  and  the  surface  of  which  has  been  split  up  by 
to  heaps  of  atone  and  gravel,  probably  formed  in  sifu  of  frag- 
>f  the  diabase  stratum. 

rota  of  a  dark-grey  irregular  schist,  alternating  with  seams  of 
nG  containing  more  or  loss  silica,  faking  up  the  greater  part  of 
ca  along  the  shore  between  a  diabase  point  ou  the  soutb  side 
I  Thordsen  and  the  house  built  by  the  Jce  Sound  Company. 
■t«B  with  limestone  scams,  conlaiaing  large  round  nodules,  in 
ire  often  to  be  found  immense  Ammonites,  bones  of  Smiriiins, 
ae  bivalves,  among  which  Daonella  LtndtlrOmi,  Mojsisovioa, 
east  side  of  Reindeer  Valley  the  limestone  is  believed  to 
lemte,  so  that  the  coprolites  here  are  immediately  underlaia 
3y  limestone,  containing  magnesia  or  dolomite. 
Uiick  stratum  of  black  bituminous  slate,  containing  coprolite 
and  alternating  with  a  stratum  of  pure  coprolites,  containing 
ily  up  to  23  per  cent,  of  phosphoric  acid.  Besides  coprolites, 
BO  oocur  bones  of  SauHans  and  fishes. 

■ding  to  analyses  by  Mr.  G.  Lindstrom,  the  Assistant  in  the 
Mri^  Division  of  Uie  Bika  Museum,  these  strata  contain : 
abed 

e  of  lime        B*iO     ...     B( 

Du^neda        2-39    ...    tr 

protoxide  of  iron   1-15    ... 


le  insoluble  in  acids   32'31 


100-              100-  9B-08 

Lime 4267 

Magneeia     trace 

Protoiide  of  iron       -68 

Incombuatible  reaidoe  iaeolable  in  acids         ...  16-01 

Chlorine      tr«M 

Fluorine     'SS 

Bitummons  mbetances  aod  moistnTe       16-69 

Phosphoric  acid 2S-49 

8alpbaric  acid trace 


S4'fle   . 

20-68     . 
4-80     . 

■14     . 

22-36 
145 
8-93 
-60 

-84  (& 
18-66     , 

fi 
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a.  Slate  from  Etage  2,  formed  almost  exclusivelT  of  shellB  of  Halobiu.  b,  NodulflB, 
containing  Xoutilut,  etc.,  from  Etage  5.  c.  Grey  limestone  from  the  same  Etigtr 
at  Sanrieberg,  nnderljing  the  cuprolite  stratum  in  Etage  6.  d.  Black  bitnmmooi 
slates,  which  accompany  the  coprolite  strata  at  Sanriehook.  e.  C!oprolite  tarn 
Sauriebi>ok. 

The  matter  solnble  in  acids  in  c  corresponds,  if  we  sappoee  a  small  part  of  the  InM 
to  be  replaced  by  protoxide  of  iron,  to  the  formula  2  Ca  0  CO,  +  Mg  O  GO).  Tki 
avera«re  of  a  large  quantity  of  coprolite  brought  home  in  1872  gare  23*02  per  o«L 
pbuspnoric  acid. 

Similar  strata,  also  belonging  to  tbe  Triassio  formation,  are  to  be 
found  at  the  mouth  of  Ice  Sound,  where  they  lie  between  the  Moon- 
tain  Limestone  and  the  Jurassic  strata,  and  are  strongly  dislocated; 
They  take  up  the  rocks  along  the  shore  two  or  four  thoasand  feet 
west  of  ''  the  Fastness."  The  strata  consist  principally  of  slates, 
often  infused  with  coprolite  grains  and  nodules,  and  alternating  with 
strata  of  bituminous  limestone  and  thick  coprolite  beds. 

The  Triassic  fossils  on  Spitzl»ergen  consist  partly  of  Cephalopoda 
and  bivalves,  partly  of  remains  of  vertebrate  animals,  which  ooour 
either  iml)edded  in  a  brownish-black  limestone  containing  coproliteii 
or  in  a  grey  slate,  or  in  the  before -mentioned  colossal  limestone 
nodules  inclosed  in  the  slate.  Tx>ose  pieces  also  of  bones  of  Sauriani 
are  found  among  the  rock-debris,  and  are  then  often  of  a  beautiful 
turquoise  colour  on  the  surface. 

Of  the  vertebrates  Mr.  Hulke  has  been  able  to  refer  three  specieB 
to  known  genera,  viz. : 

IchthyoBanrus  pofaris,  Hulke.  Tlie  fragments  of  bones,  consisting 
of  vertebras  and  ribs,  show  that  this  species  was  of  about  the  same 
size  as  J.  platyodon.  Among  the  remains  of  lK)nes  collected  by  the 
Expedition  of  1868  Mr.  Hulke  remarks  of  two  specimens  numbered 
4G  and  49,  that  they  **  have  baffled  mj-  efforts  to  decipher  their  nature." 
Tliese  bones  lay  in  the  same  limestone  nodule  as  the  series  of  eight 
vertebras,  etc.,  first  described  by  Hulke  {La),  and  are  certainly  pcurti 
of  the  same  skeleton. 

Ichthyosaurus  Nordensl-idldii,  Hulke.  To  this  species  are  thought 
to  1)elong  most  of  the  smaller  vertebras  which  we  brought  home  from 
Ice  Sound. 

Acrodus  Spitzhergensis,  Hulke.  Mr.  Hulke  thinks  ho  can  with 
certauitj"^  refer  a  tooth  found  at  Saurie  Hook  to  this  genus. 

Many  other  bone  fragments  it  has  been  imiK)ssible  as  yet  to  deter- 
mine with  certainty. 

Of  invertebrates  Dr.  Lindstrom  enumerates  the  following  species : 

Nautilus  Xordentki6ldit\  Lindstrom.  M'tnotis^  sp. 

Cinititts  Mnlmgreuii^  Lindtitr.  Jiligtra,  Lindstr. 

Ammonite*  Oaijtani,  Klipst.  Ptcteu,  &p. 
ronid-min,  sp.  Liuffula^  sp. 
Ualobia  Lommelii,  Wissm.  EnerintM,  sp. 
Zittrli,  Lindstr. 

The  phosphates,  abundant  in  these  beds,  occur  partly  as  nodules 
consisting  exclusivelj'  of  coprolite  of  about  30  mm.  diameter,  partly 
in  strata  which  exclusively  consist  of  a  highly  peculiar  aggregate  of 
black  round,  sharply-defined,  equal-sized  grains  of  phosphate  of 
ahowi  1  mm.  diameter,  cemented  by  carbonate  of  lime.     The  whole 
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of  apoitiiig'  powder  oompaoted  together.  When 
the  Inger  ooproliie  nodiilei  are  cat  in  two,  they  too  are  often  found 
ta  be  oompoaed  of  aimflar  .romid  grains,  whence  the  conduaion  may 
la  dnwik  thai  die  phosphatio  atrata  were  formed  by  the  washing 
dnrm  of  exorementa  of  Sanriana  and  fish.  At  two  other  places  the 
dale  beds  ha^e  interoalated  between  them  strata  of  grey  gypsum  of 
Ittb  thidmeaa  (at  moat  2  metres)  containing  noduks  of  coprolite. 
At  tlio  aame  plaoea,  especially  in  the  above-mentioned  round  nodules, 
Ibsn  are  alao  found  small  quantities  of  rock  oil,  and  the  black  slate* 
BM  sooMtimea  so  faitominons  that  they  can  be  used  as  fuel. 

{^o  be  eoaliiiaed  in  ow  nexi  Number,) 

IV. — Cbstaosous  Oamtehopoda. 

Bj  J.  Stabsxb  Oabiinsb,  F.G.B. 

'riOLU>WINO  up  the  notes  which  recently  appeared  on  Oreta- 
J;  oeona  jiporrhaSdm,^  I  now  propose  to  continue  from  time  to  time 
■olea  on  other  Cretaceous  Gmsteropoda.  At  present  I  have  se- 
hctod  for  iUustration  "  SedUmform  Shdh,**  The  most  recent  papers 
vUdi  Tefer  to  this  subject  are  witnesses  how  much  revision  of  the 
gsnera  and  species  is  needed  to  which  our  British  Cretaceous  repre- 
sentatives of  this  type  have  been  assigned.  I  first  take  the  family 
of  ScalidcBy  and  will,  as  briefly  as  possible,  endeavour  to  recapitulate 
what  is  at  present  known  of  this  family. 

Family  Sgalidjs,  H.  and  A.  Adams,  1857. 

((Genera  of  Mollusca,  vol.  i.  p.  220.) 
BitUograpky, — Synonyms:  ScalaridcB,  Chenu,  Man.  Conch,  p.  217. 

ScalaridcB,  Gray,  Guide,  1857. 
The  group  of  Scalaria  was  separated  by  H.  and  A.  Adams  from  the 
TmrritellidoB,  and  is  now  made  to  include  thirteen  recent  and  fossil 
genera  and  several  sub-genera.  There  are  still  great  differences  of 
opinion  with  regard  to  the  position  of  this  group ;  the  majority  of 
authors  retain  it  in  the  family  of  TurritelltdcB ;  others  regard  it  as  a 
distinct  family,  but  retain  it  next  the  TurritellidcB;  whilst  Adams  and 
Chenu  place  it  away  from  the  TurritellidaR,  and  next  to  the  TerebridcB. 

Description. — The  shell  is  solid,  spiral,  and  turreted ;  the  whorls 
oonvex,  sometimes  disconnected,  usually  with  numerous  transverse 
ribs;  the  aperture  rounded,  with  entire  margins;  peristome  gene- 
rally broadened  and  recurved,  without  any  canal  or  notch.  The  ribs 
represent  the  growths  of  the  shells,  marking  the  successive  points  oc- 
cupied by  the  mouth.  The  shells  are  usually  white,  and  are  remark- 
able for  extreme  elegance  of  form  and  delicacy  of  sculpture.  The 
operculum  is  spiral,  homy,  of  few  whorls.  The  animus  are  carni- 
vorous, and  have  been  known  to  feed  upon  fresh  beef;  thoy  greatly 
resemble  those  oiTurritellidctyihQ  principal  differences  being  exhibited 
in  the  dentition.     All  the  animals  of  this  group  yield  a  purple  dye. 

Dittribution. — ^Their  vertical  range  is  from  low- water  to  80  fathoms, 
their  geographical  range  embraces  every  sea,  but  they  are  more 
deTeloped  in  the  Indian  Ocean,  China,  and  the  Philippines.    Five  are 

^  See  Gkol.  Mao.,  1875,  Decade  II.  Vol.  II.  pp.  49,  124,  198,  291,  392. 
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British.     Their  fossil  range  is  extremely  uncertain,  as  they  are  only    - 
doubtfully  represented  prior  to  the  Cretaceous  period.  -, 

Kibbcd  and  turreted  shells  seem  to  have  made  their  appearance  u  . 
far  back  as  the  Silurian  age,  and  one  species  at  least  has  been  ai- 
sigiied  to  the  genus  Scalaria.     Dr.  Elipstein's  collection  from  the    , 
Trins,  in  the  British  Museum,  embraces  many  shells  which  are  both  ~. 
turreted  and  have  transverse  ribbing;  they  are  variously  named 
Cerithium,  Turritella,  and  Chemmtzia,    It  has  already  been  snggeetad   [ 
by  many  as  extremely  probable  that  the  Cretaceous  ScaUdm  an 
the  descendants  or  representatives  of  the  Chemnitzia  of  older  X0Gki»    ; 
a  sufficiently  probable  supposition,  and  one  which  would  carry  their 
traceable  ancestry  to  a  remote  period. 

Tlie  origin  of  the  family,  as  now  defined,  cannot  with  any  degree 
of  certainty  be  traced  further  back  than  the  Cretaceous  era,  the 
doubtful  6i)ecies  found  in  the  Jurassic  series  appearing  to  be  more 
allied  to  Chemmtzia.  The  Cretaceous  Scalida  have  not  the  strong 
characteristics  presented  by  the  Tertiary  and  recent  forms,  seldom 
possessing  a  complete  peristome,  and  never  the  sharp  and  well- 
defined  ribs  so  frequently  present  in  the  latter.  Some  Australian 
forms  approach  nearer  to  these  fossils  in  this  respect 

Whilst  recent  and  Tertiary  Scalidce  present  a  constant  facies,  and  are 
easily  recognizable  by  their  salient  ribs  and  continuous  peristome,  the 
study  of  the  Cretaceous  and  older  fossil  forms  is  beset  with  difficaltiet 
on  account  of  the  forms  met  >vith  which  are  transitional  between  8ea- 
UdiB  and  Chcmnitzia,  and  also,  though  in  a  le«s  degree,  between 
Turritella  and  Cerithium.  It  is  an  extremely  rare  occurrence  to 
find  a  specimen  with  the  aperture  perfect,  and  it  will  be  seen  that 
only  one  of  the  species  described  has  a  circular  mouth  and  complete 
peristome.  The  borders  of  the  peristome  seem  to  have  had  a  ten- 
dency to  disunite,  and  also  present  a  weakening  of  the  part  applied 
to  the  preceding  whorl ;  sometimes,  indeed,  every  trace  of  boiler  in 
this  region  has  disappeared,  and  the  shell  therefore  loses  the  princi- 
pal character  which  justifies  its  association  with  ScaUdce,  the  lipa 
being  thin  and  the  mouth  oval,  resembling  Chemmtzia.  Notwith- 
stan<ling,  however,  the  differences  in  form  of  the  mouth,  the  greater 
number  of  these  shells  bear  such  a  strong  general  resemblance  to  the 
true  ScalidcB  that  they  cannot  but  be  placed  in  that  family.  It  is  as 
well  here  to  remark  that  there  is  some  analogy  between  fragments  of 
Scalaria  and  AporrhaU  when  the  last  whorl  is  not  present;  but  the 
direction  of  the  ribs  may  be  taken  as  a  sort  of  guide,  those  of  Scalaria 
being  nearly  always  parallel  with  the  axis  of  enrolment,  whilst  in 
AporrhaU  they  are  for  the  most  part  oblique.  Of  the  thirteen  genera 
into  which  this  family  has  been  divided,  two  only  are  apparently 
represented  in  the  Cretaceous  rocks  of  the  British  area,  Scalaria  and 
Funis.  Scalarioi  proi)er,  have  been  divided  by  d*Orbigny  into  two 
groups :  1.  Cannatif  with  an  anterior  keel  transverse  to  the  ribs ; 
2.  Fretiosi,  >vithout  keel,  and  with  uninterrupted  ribs.  The  former 
of  these  divisions  is  ei^uivalent  to  Adams's  sub-genus  Opalia, 

In  18G8  there  were  in  all  45  species  known,  to  which  we  are  now 
able  to  add  several  new  forms. 
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Gzoiip  1. — Qeniu  Soalabia,  Lamarok,  1801. 

SyBonym :  &a2a,  Klein,  1753. 

I  name  Scaiaria  ia  generally  adopted,  although  that  of 

has  undoubted  priority.     The  deecription  of  this  genua  ia 

from  Adama'a  work  before  referred  to,  p.  220. 

"Shell  nanally  pure  white^  aolid,  lustroua,  turreted,  many-whorled ; 

vhoria  oonTaz,  aometimea   aeparated,  ornamented  with  numerous 

loBgitodinal  liba ;  aperture  round,  peristome  continuous,  thickened." 

There  are  about  100  reoent  species. 

Tliia  group  ia  very  poorly  represented,  and  the  species  are  of  small 
Smenaiona  in  the  rooks  under  consideration. 

SCAI.ABIA  Qninn,!  J.  8.  G.,  Plate  III.'  Figs.  1,  2,  3. 
Upper  Greensand,  Blackdown. 

Shell  moderately  elongated,  angle  40° ;  whorls  nine,  very  inflated 
and  depreaaed;  ribs  thirteen,  salient,  well-defined,  obtuse ;  striaB  few, 
loanded  but  prominent  Aperture  round,  peristome  thickened  and 
eomplete ;  outer  lip  broad  and  reflected.  Tins  charming  little  species 
ii  the  only  one  which  has  come  under  my  notice  possessing  a  circu- 
lar month  and  complete  peristome,  and  therefore  approaches  more 
nearly  than  any  other  to  the  recent  Scalarue. 

Two  small  and  very  perfect  specimens  are  in  the  British  Museum, 
and  the  last  whorl  of  a  larger  specimen  is  in  Mr.  Moyer*s  possession. 
Tliey  are  from  the  Upper  Greensand  of  Blackdown. 

SoALABiA  Meyeri,'  J.  S.  G.,  Plate  III.  Fig.  4. 

Neocomian. 

Shell  elongated  ;  whorls  inflated,  depressed  ;  ribs  about  ten,  thick, 
prominent  and  obtuse,  continued  to  umbilicus  ;  striae  few,  of  differing 
strength,  most  numerous  on  last  whorl ;  outer  lip  thickened. 

The  only  two  specimens  I  have  seen  of  this  species  are  not 
sufficiently  perfect  to  admit  of  a  more  complete  description.  They 
were  found  by  Mr.  Meyer  in  the  Neocomian  of  East  Shalford. 

ScALABiA  COMPAOTA,  Sby.,  Dixou's  Geology  of  Sussex,   pi.   xxvii. 

fig.  32.  p.  349. 

White  Chalk,  Sussex. 

A  small  depressed  species  thus  described  in  Dixon's  Geology  of 
Snasex :  "  Whorls  rather  square,  close ;  ribs  very  numerous,  slightly 
eleTated.  A  very  defective  specimen  is  the  only  one  we  have  seen 
of  this  species."  This  small  Scalaria  evidently  belongs  to  this  group. 
I  have  not  seen  the  original. 

ScALABiA  Gastyna,  d'Orb.,  Pal^ontol.  Fr.  p.  58.  pi.  155.  figs.  5-7. 
Belongs  to  this  group,  but  has  not  been  found  in  England.     TTie 
shell  so  named  in  various  lists  of  fossils  is  a  Uissoina, 

'  Named  after  a  friend,  to  whom  I  am  indebted  for  much  assistance  rendered  to 
me  whilst  collecting. 

*  Vlates  III.  and  IV.  illustratiTe  of  this  paper  will  accompany  the  second  part  of 
the  article  next  month. 

'  Named  after  C.  J.  A.  Meyer,  Esq.,  F.G.S.,  to  whom  the  discovery  of  this 
species  is  due. 
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Group  2.— Sgalabia,  sub-genus  OpciUa,  Adams. 

This  division  of  the  ScalaricB  comprises  by  far  ihe  larger  proportion 
of  species,  both  in  Europe  and  elsewhere  ;  thej  are  all  charaoteriied 
by  the  presence  of  a  well-niarked  basal  keel,  which  is  sometimes  alio 
visible  at  the  sutures.  I  commence  by  describing  the  best  known* 
and  most  distinct  forms  from  the  Gault,  and  will  then  notice  tlia 
points  of  difference  which  exist  between  them  and  the  Greensand 
species  hitherto  known  under  the  same  names. 

(To  be  contiutud  in  our  next  y^umber.) 


Y. — Irish  Tide  Hkiohts  and  Raised  Beaches. 
By  G.  H.  Kinahan,  M.R.I.A.,  etc. 

A  GOOD  deal  of  attention  has  been  lately  bestowed  on  the  Raised 
Sea-beaches  around  the  British  Islands  and  the  evidenoe 
afiPorded  by  them  as  to  alterations  in  the  level  of  the  land.  Soma 
geologists  seem  to  entertain  the  idea  that  such  beaches  were  origm* 
ally  accumulated  on  horizontal  lines ;  and  they  have  drawn  the  oon- 
clusion.  that  when  one  portion  is  found  to  be  higher  than  another, 
it  necessarily  indicates  an  uneven  rise  in  the  surface  of  the  earth. 
This  idea,  however,  is  erroneous ;  and  the  object  of  this  paper  is  to 
prove,  from  the  data  supplied  by  the  Ordnance  Survey  and  the 
Admiralty  Charts,^  that  the  littoral  deposits  at  present  accumulating 
around  Ireland  are  being  formed  at  varying  levels. 

From  the  Introduction,  by  Captain  J.  Cameron,  R.E.,  to  the 
"Abstracts  of  the  Principal  Lines  of  {Spirit  Levelling  in  Ireland," 
we  learn  that  the  zero  plane  of  the  Ordnance  Survey  in  Ireland  is 
the  level  of  low  water  of  the  spring-tide  observed  at  the  Poolbeg 
Lighthouse,  in  Dublin  Bay,  on  the  8th  of  April,  1837,  which  is 
20*94  feet  below  a  mark  made  in  the  base  of  the  Lighthouse.  At 
first  tlie  different  lines  of  levelling  were  referred  to  the  low  water 
of  spring-tides  at  various  convenient  places  around  Ireland;  this, 
however,  was  found,  on  further  examination,  to  be  so  irregular,  that 
subsequently  certain  sections  were  established  in  different  places, 
where  series  of  spirit-level  observations  were  taken,  by  which  these 
stations  were  connected  with  each  other,  and  thus  all  the  means  of 
the  different  places  were  referred  to  one  datum  level,  that  just 
mentioned.  Tlie  results  of  these  observations  are  given  at  page  xiL 
of  Captain  Cameron's  Introduction,  and  from  his  table  have  been 
constructed  Tables  No.  I.  II.  III.  and  IV. 

In  column  i.  of  these  tables  are  given  the  heights  at  each  station 
of  mean  water  above  the  Ordnance  zero  plane,  and  from  it  we  learn 
that  tlie  height  of  mean  water  varies  but  slightly  round  Ireland,  and 
that  the  lowest  is  at  Kilbaha  Bay,  near  Loop  Head,  on  the  north 
of  the  mouth  of  the  Shannon.  Column  ii.  gives  the  heights  of  mean 
water  at  each  station  above  the  lowest,  which  occurs,  as  just  stated,  at 
Kilbaha.     Column  iii.  gives  the  mean  height  of  high  spring-tides 

>  Nearly  all  the  heights  hereafter  gi?en  are  taken  from  the  leyellings  of  the 
Ordnance  Survey,  a  few  being  added  from  the  Admiralty  Charts  in  those  places  where 
the  Ordnance  Survey  had  not  stations. 
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leiglit  of  mean  ^wmter  at  each  station.  Column  iv.  gives 
leight  of  higli*  spring-tides  at  each  station  as  referr^  to 
f  the  lo^nreet  mean  water,  via.  that  at  Kilbaha ;  and  ftxnn 
I  we  leam  tliskt  the  lowest  rise  of  spring-tides  is  at 
o  the  east  ooast  of  the  oo.  Wexford.  Column  v.  gives 
tight  of  liiglx  spring-tides  at  each  station  ahore  the  mean 
^h  spring-tides  'where  this  is  lowest,  that  is,  at  Conrtown. 

Tabib  Kg.  I. 


Oo1.i. 

OoLtt. 

OoLHt. 

OoLlT. 

i 

8-ao5 

1-817 

6-968 

7-775 

•m* 

7-598 

•  1-OSO 

2-261 

8-271 

••           ••• 

«-75» 

0175 

6-247 

6-422 

laend 

e-e«u> 

0-082 

5-2M 

5-876 

••          •«»• 

«-578 

0-000 

6-621 

6-621 

8  725 

S147 

6-455 

8-602 

8-683 

2-104 

8-552 

5-666 

z  n. 

8-709 

2181 

8-072 

6108 

la     ••• 

8-479 

1-901 

2-885 

4-280 

089     ••• 

8-74B 

2107 

6-801 

8-468 

1  9%m            ••• 

8-688 

2000 

7-798 

9-858 

Head 

8-184 

1-606 

7-474 

9060 

Table  No.  II. 

ro        ••* 

6-758 

0176 

6-247 

6-422 

>  West... 

6-934 

0-866 

6-667 

7028 

ou 

7-667 

1-089 

7155 

8-244 

Tablb  No.  III. 

i7k   •—        ••• 

6-578 

0000 

6-621 

6-621 

•u    •  ••        •  •  • 

7-358 

0-780 

7054 

7-834 

8     *••        • • • 

8-092 

1-614 

7-535 

9-049 

ick...      *•• 

8-567 

1-989 

8-935 

10924 

Table  No.  IV. 

a  Bay     ••• 

8899 

2-321 

7081 

9-102 

fty    ...      .•< 

8-480 

1-902 

7373 

9-275 

iffhmore... 

9047 

2-469 

6-491 

8960 

8-369 

1-701 

6-632 

8-423 

Dwkeel 

9029 

2-451 

4-418 

6-869 

OoLt. 

4-604 

0-000 

8-151 

2-166 

8-851 

5-831    InmdeOlewBaj 

2-885 

2-882  TAt  the  nanoir 

1-015  <  in    the    North 

5-197  ^Channel 

6-582 

5-800 


S:»J)E.ta«yafthe 
4-973/ 


Barrow 


8-35n 

4  5()3  (  Estaary  of  the 

5-778  r      Shannon 

7-653; 


tJf,J}GalwayBay 

6-689  Donegal  Bay 
5-152  Louflrh  S willy 
3-598    LoQgh  Foyle 


ible  No.  T.  the  stations  given  may  be  considered  on  the  open 
3ept  perhaps  Old  Head  (No.  6)  in  Clew  Bay,  co.  Mayo.  If 
e  a  mean  of  column  i.  in  this  table,  8-012  is  found  to  be  the 
eight  of  mean  water  round  Ireland  above  the  Ordnance  zero 

>lumn  ii.  of  this  table  it  is  seen  that  the  height  of  mean  water 
south-west  coast  between  the  mouth  of  the  Shannon  (Kilbaha, 
No.  6)  and  Waterford  harbour  (Dunmore,  station  No.  8)  is 
uniform ;  on  the  south-eastward  part  of  the  oast  coast  it  is 
a  foot  higher;  and  on  the  N.E.,  N.,  and  N.W.  coast  from 
S8,  CO.  Down  (station  No.  11),  opposite  the  Isle  of  Man,  to 
Jay,  CO.  Mayo  (station  No.  6),  nearly  two  feet  higher.  The 
I  of  mean  water  on  the  N.E.,  N.,  and  N.W.  coasts  are  not  so 
>  one  another  as  the  heights  of  mean  water  on  the  S.W.  coast. 

lould  be  mentioned  that  the  Ordnance  Surrey  have  ado[>ted  a  slightly  higher 
*  the  mean  water;  they  however  in  their  calculation  included  the  stations 
lay  (Xo.  18,  Table  IV.)  and  MuUaghmore  (No.  20,  Table  IV.V  Both  these 
h'owever,  are  so  situated  that  the  heights  of  mean  water  tnereat  may  be 
by  (« counter-tides  "  generated  by  land  in  their  respective  vicinities. 
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In  column  iii.  it  is  shown  that  the  height  of  liigh  spring- tide  ii  - 
verr  irregular  when  compared  with  that  of  mean  water  at  the 
res}iective  places ;  and  either  column  iv.  or  v.  shows  the  variation  -' 
in  height  of  the  verticallj  undulating  line  formed  by  the  margin  of  ' 
the  menu  high  spring-tide.  The  last  two  columns,  although  interett- 
in<x  ill  themselves,  are  not  both  necessary  for  the  subject  of  this  paper; 
coluiim  v..  however,  gives  data  that  can  be  easily  understood:  and 
as  column  iv.  was  necessary  for  the  calculation  of  the  height  of  mean 
spring-tide  at  Courtown,  both  are  given.  In  column  v.,  as  previously 
mentioned.  Courtown  (the  rise  thereat  of  spring-tide  being  the  least) 
is  taken  as  zero:  from  thence  proceeding  northward  the  line  of 
mean  high  spring-tide  rises  to  4*5  feet  at  Kingstown  harbour,  Dublin 
Bay  ;  to  6  feet  at  Clogher  Head,  co.  Louth ;  and  to  6-5  feet  at  Ard- 
glass.  CO.  Down.  North  of  Ardglass  it  begins  to  fall  gradually  to 
5  toet  at  Donaghadee.  co.  Down ;  but  afterwards  more  rapidly,  being 
only  3  feet  at  Glenami,  co.  Antrim,  and  I  foot  at  Bally  castle,  op- 
posite the  Mull  of  Cantire ;  ^  while  westward  of  Ball^'castle  it  rises  to 
2  feet  at  Portrush. 

Between  Portrush  and  the  mouth  of  the  Shannon,  round  the  N.W. 
of  Ireland,  we  can  calculate  the  heights  of  the  following  places  above 
the  zero  at  Courtown  from  the  Ordnance  Table :  Mullaghmore 
(Station  20,  Table  R'.),  Donegal  Bay,  6  feet;  Old  Head  (Station  6, 
Tab.  I.^,  Clew  Bay,  5o  feet;  Cashla^ Station  18,  Tab.  IV.),  Galway 
Bay,  (5  feet ;  but  none  of  them  are  in  the  open  sea.  We  therefore 
take  the  following  open  sea  places  from  the  Admiralty  Charts:*  at 
CuUluff  Bay,  N.E.  coast  of  Donegal,  the  spring-tide  lises  to  6*5  feet; 
at  Mulroy  Bar,  on  the  North  coast  of  Donegal,  to  11-75  ;  at  Aran 
Islands,  CO.  Donegal,  11  feet;  at  Clare  Island,  at  the  mouth  of  Clew 
Bay.  12'2i>  feet ;  at  the  West  coast  of  Mayo,  north  of  Killary  Bay, 
12'2o  feet;  at  Bofin,  an  island  six  miles  off  the  N.W.  point  of  co. 
Galway,  9-5  feet :  and  at  Slyne  Head,  the  iH)int  north  of  the  mouth 
of  Galway  Ba}*,  13-25  feet.  These  different  rises  of  the  spring-tide 
will  give  approximately  the  following  as  the  heights  above  the  zero 
at  Courtown :  Culduff  Bay  3  feet ;  Mulroy  Bar,  4-5  feet ;  Aran, 
4-25  feet ;  Clare  Island,  4-75  feet ;  West  coast  of  Mayo,  north  of 
Killary  Bay,  4'75  feet;  Bofin,  3*5  feet;  and  Slyne  Head,  5'2o  feet 
These  seem  to  indicate  a  gradual  rise  from  Portrush,  round  the  N.W. 
coast,  to  Slyne  Head  ;  the  height  of  the  tide  off  the  coast  being  less, 
as  shown  by  the  difference  (1*25  feet)  between  the  height  on  the 
West  coast  of  Mayo  and  that  at  Bofin,  although  not  more  than  12 
miles  apart. 

From  Slyne  Head  to  Kilbaha,  on  the  north  of  the  mouth  of  the 
Shannon,  there  is  a  fall,  the  line  of  the  latter  place  being  3  feet  high, 

*  Thu  rea-son  frir  the  riso  of  tide  rc-spectively  at  Courtown  and  Hallvcastle  beine 
h'^rs  tli:in  elsewhere  is  ex|)laine<l  by  Hau^hton  in  his  pamphlet  *'  On  tLe  Tides  and 
Tidiil  Currents  in  the  Irish  Sea  and  Kn);Iish  Channel.' 

-  For  an  inquiry  of  the  nature  of  tliis  paper,  the  Admiralty  heights  are  not  very 
sati.ifsirtorv,  they  not  bein":  as  trustworthy  as  those  piven  by  the  Ordnance,  their 
sounding  Laving  been  reterred  to  beach  marks  at  different  harbours.  They,  how- 
ever, jfive  a  {general  idea  of  the  yarying  heights  of  the  spring-tide  at  the  (ufferent 
j>lace8  mentioned. 
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I  wbtoh  it  falls  to  2  feet  at  CaatlotownBend,  co.  Cork  ;  after 
ch  to  the  E  N,  E,  it  rises,  being  3  feet  nt  Dunmore,  on  tbe  mouth 
iValerfori  Harbuur.  Farther  eastward,  at  South  Bay,  north  of 
eaore  Point,  east  coast  of  Wexford,  we  leara  from  the  Admiralty 
rta  that  it  is  approximately  1  foot;  while  aa  wo  go  northward 
D  Greenore  Point,  it  gradually  falls  to  the  zero  at  Courtown.' 

n  Tables  II.  and  III.  are  vecordi^d  the  differences  between  the  rise 
hia  tides  at  tbe  moaths  and  far  up  in  the  estuaries  of  the  Barrow 
,  the  mouth  of  the  Shannon.     From  column  v„  Table  II.,  we 

II  that  the  difference  between  the  height  of  high  spring-tide  at 
unore  and  New  Ross  is  nearly  2  feet,  while  from  the  same 
mm  in  Table  IIL  we  find  that  between  Kilbaha  and  Limeriuk 
n  is  an  inonan  of  iim  of  more  than  4  feet 

Ule  Ko-  IV.  Qxhibita  the  tidea  in  some  bays  and  iea-longfas. 
■i  it  WB  aee  fliat  meut  irater  and  high  crater  of  tpring-tidea 
ioAar  in  aooh  plaeea  than  in  the  adjoining  open  na.  In  Cndwaj 
r  wB  risB  of  tids  Mona  at  fliat  sight  exoeptional,  being  lower  at 
Iwi^,  flis  head  of  the  bay,  tlum  at  Cuhla  Bay,  near  ita  month, 
i^  bfnrorar,  may  jKwnbly  be  due  in  part  to  the  Ama  Islanda 
Mi  ttM  noodi  of  Galw^  Bay,  which  generate  "OMuMr-tidea," 
t  ttniB  fima  a  "Head  of  the  Tide"  hereabonts  (lee  Ba'ughion). 
B  excesa  of  rise  of  the  tide  in  this  bay  is  more  plainly  seen  from 
following  heights  taken  from  the  Admiralty  Charts  : — 
Tablb  V. 

fe«t  »1)0T«  ita  own  low  wttt«r. 


Oalny     

.     Bpring-tid.  riM.  Ifl 

CMhUBaj      ...     . 

.               „               16 

15-5 

KilkeCTM  COTB          . 

16-35 

13-76 

SiTuHead    ...     . 

13-26 
13-66 

ilions  1  to  6  are  along  the  north  shore  of  Galway  Bay,  while 
ilioD  7  is  on  the  inside  or  N.E.  shore  of  Illaunmore,  tbe  most 
mfa-eaatem  and  largest  of  the  Aran  Islands. 

In  Donegal  Bay  there  are  also  "  counter- tides,"  for  which  reason 
oli^hmore  (station  20,  Table  IV.)  was  not  admitted  into  Table  I. 
KM  probably  account  for  the  high  tide  in  this  bay  compared  with 
B  height  of  the  tide  on  the  coast  to  tbe  weet  and  north,  as  pre- 
Misly  shown  by  the  heights  from  the  Admiralty  Charts. 
Now  since  it  is  the  agency  of  the  apring-tide,  principally,  which 
tsnges  the  littoral  gravels  which  wonld  constitute  Raised  Beaches  if 
lifted,  it  follows  from  Tables  I.  II.  IJI.  and  IV.,  column  v.,  that  if 
3  present  sea  were  to  retreat,  its  margin  would  form  a  vertically 
dulating  line.  This  line  may  be  sometimes  even  more  undulating 
ta  that  now  represented,  as  Bome  part^  of  the  coast  are  more  open 
storm  waves  than  others ;  and  if  this  occurred  where  the  line  was, 
■  reasons  given  above,  already  higher  than  its  mean,  the  upward 

Till  tide  riiHS  rad  falla  mDCll  \tm  on  the  eatt  coast  of  Weiford  than  on  ita 
fii  uid  Kuth-easI  coast,  between  Baginbun  and  Greenore  Points :  bnt  we  oaonot 
t  particalaia,  aa  on  tt^i  sheet  of  the  Admiialtj  Charts  there  is  no  tide  table. 
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deviation  of  the  line  would  be  increased.  Bat>  on  the  other  hand, 
etorms  might  pile  np  the  gravels  in  places  where  the  line  of  hisfa 
spring-tides  vrna  lower  than  its  mean,  and  in  such  places  they  woold 
make  the  line  less  undulating.  It  appears,  therefore,  that  the  fad  of 
a  certain  raised  beach  having  different  elevations  in  different  places 
does  not  lead  to  the  conclusion  that  necessarily  the  land  has  been 
unequally  uplifted  since  the  formation  of  that  beach.^ 


VI. — ^Rkxabks  about  the  New  Hebrides  Group,  22nd  April  to 

Ilth  May,  1875. 

By  Hbxkt  Hoskbx,  NsTigating  Lieutenant  of  H.M.8.  Fearl. 
Communicmted  by  R.  H.  Scott,  F.R.S.,  F.6.S. 

General  Appearance, 

Most  of  these  islands  appear  to  be  of  volcanic  origin,  their  centres 
rising  to  high-peaked,  cone-shaped,  mountains,  of  from  500  to  6000 
feet  in  height.  The  weather,  east  and  south-east,  sides  are  clothed 
with  thick  forests  from  base  to  summit ;  but  the  north-west  and 
west  sides  in  many  of  them  have  but  a  thin  sprinkling  of  trees,  the 
slopes  being  covered  with  a  thick,  wiry  grass. 

Appearance  of  UpheavaL—'SesTly  every  island  of  the  Hebrides 
and  Banks  Groups  shows  signs  of  an  upheaval ;  on  those  on  which 
it  was  most  clearly  marked  may  be  noted : — 

First,  Tanna  Island, — This  island  has  the  appearance  of  having 
undergone  a  gradual  upheaval.  The  tongues  of  rock,  which  jut  out 
trom  the  ooast-line,  are  water- worn.  Evidently  at  one  time  they  were 
awash,  but  are  now  from  15  to  30  feet  above  the  present  high- water 
line.  Where  the  coast  consists  of  abrupt  cliffs,  it  shows  signs  of 
having  been  undermined  at  various  levels.  The  excoriations  run 
horizontally  along  the  whole  face  of  the  cliff.  There  are  several 
caves,  and  irregular  holes  in  them.  Lumps  of  coral  were  observed 
on  the  terraces  on  the  west  coast,  a  short  distance  inland. 

Second,  Erromango  Island. — Five  clearly -defined  ridges  or  terraces 
were  distinguishable  along  the  south  coast,  as  far  as  the  eye  could 
reach  ;  which  formed  steps  at  the  points.  This  side  of  the  island  was 
densely  wooded,  with  bare  spots  of  white  limestone  rock,  here  and 
there,  showing  out  between  the  trees. 

Third,  Sandwich  Island, — Has  numerous  low  points,  and  rises  in 
successive  terraces  to  the  base  of  the  volcanic  mountains  in  the 
interior ;  there  are  large  mushroom-shaped  coral  rocks  high  up  inland, 
old  coral  rock  crops  up  in  all  directions,  even  on  the  highest  levels. 

Fourth,  Deception,  Bat,  Lopevi,  Star  Peak,  Mota,  and  Saddle 
Island, — ^These  islands  are  similar  in  their  formation,  the  first  terrace 
being  now  formed  by  the  comparatively  low  points,  that  stretch  out 
from  the  highland. 

^  Round  the  coast  of  Great  Britain,  especially  in  some  of  the  bays  and  eetnaries, 
the  ditTerence  between  the  heights  of  high  spring-tide  is  much  more  marked  than 
uround  the  coast  of  Ireland. 


h 
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fC/tt,  Paifeeoti  Idamd. — On  this  ulAnd  the  marlcB  are  Dot  so  clear. 
Men  from  seaward,  but  on  landing  they  are  noticeable ;  it  has 
old  oozal  nx^  at  agreat  elevation. 

Iha  afaflencae  of  barrier  reefs  round  these  islands  is  a  remaikable 
dhnselariatio ;  is  it  due  to  the  gradnal  npheaval  ? 

The  islands  have  gBnerslly  a  short  fringe  reef  sniroondiag  them. 
If  the  abore  theory  is  oorrect,  these  will,  in  course  of  tim«,  form 
■aother  step  of  the  elevation.  The  bkbk  volcanic  rock  that  shows 
oat  from  the  limestone  difi  at  varioos  heights  seems  to  uphold  this 
idest  as  this  zook  must  form  the  base  upon  which  the  coral  has 
^rown. 


nn  DairriHG  Powkb  of  Tidal  Cubbxhts  versus  that  or  Wikd- 
WAVKS.    By  O.  H.  KiNAHAii,  M.R.I.A.,  etc 

[IWiisil  of  a  pspor  reid  before  the  Britiflh  ABSodation,  Bristol,  Augnrt,  1875, 

and  before  the  Boyal  Irish  Aeademj,  Dec.  1876.] 

IT  might  have  been  supposed  that  the  exhaustive  Beport  on  Waves 
by  J.  Soott  Bussell,  F.RS.,  eta,^  should  have  decided  the  rela- 
thre  effectiveness  of  the  tidal  currents  and  wind- waves  with  regard 
to  their  drifting  powers.  This,  however,  seems  not  to  be  the  case, 
if  we  may  judge  from  the  recent  paper  on  The  Chesil  Beach,  Dorset- 
shire, read  by  Professor  Prestwich  before  the  Institution  of  Civil 
Engineers,  Feb.  2nd,  1875,  and  the  discussion  which  followed. 

In  the  Beport  above  mentioned,  Scott  Bussell  divides  w-aves  into 
four  orders  : — ^To  the  first  of  these  or  waves  of  translation  belongs 
the  great  tidal  wave,  while  wind- waves,  according  to  that  observer, 
(with  a  certain  limitation)  belong  to  the  second  order ;  this  limita- 
tion being  that  those  wind-waves  in  the  act  of  breaking  on  a  beach 
disnge  into  waves  of  the  first  order.  Indirectly,  however,  the  wind 
fonns  a  different  order  of  waves ;  for  if  water  is  piled  up  in  a  "narrow" 
by  the  wind,  the  waves  induced  are  *'  waves  of  translation."  « 

Soott  Bussell  also  proves  that  a  wave  of  the  second  order  has  little 
or  no  carrying  power;   consequently  wind- waves  can  have   little 
1     of  this,  except  when  running  up  the  beach,  they  become  waves  of 
I     translation,  and  even  then  their  action  is  limited  to  quite  a  narrow 
I     line.     In  a  tideless  sea,  wind- waves  breaking  on  the  coast-line  form 
considerable  and  permanent  banks,  as  in  the  Mediterranean,  where 
the  detritus  brought  down  by  the  Bhone  is  piled  during  storms  on 
the  neighbouring  shores,  forming  banks  and  lagoons.     Considerable 
wind-wave  action  also  will  be  found  in  fresh- water  lakes  and  in 
blackish- water  lagoons,  if  in  the  latter  the  cross-tides  counteract  one 
another ;  but  as  far  as  my  experience  goes  in  the  seas  round  Ireland, 
the  wind-waves  do  very  little  permanent  work  if  unaided  by  the 
tidal   currents.      If  wind-waves  did  effect   permanent  driftage,  it 
ought  to  be  apparent  on  the  coast-lines  ;  the  direction  of  its  move- 
ment corresponding  with  that  of  the  prevailing  winds  resolved  along 

1  Beport  on  Wayes,  Brit.  Assoc.  Beport,  toI.  liii.  1844,  p.  311. 
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the  trend  of  the  coasts.  The  direction  of  preyailing  winds  is  ^"^^  '.', 
registered  by  the  lean  of  the  trees  on  a  coast-line.  Fig.  1 ;  while  w  ;; 
course  of  the  driftage  is  marked  by  the  sand  ridges  on  bankB  formillg  ~ 
the  knee-shaped  **  invers  "  or  mouths  of  the  streams,  Hg.  2 ;  tibs  " ;; 
"  inver "  bemg  shifted  laterally  in  the  direction  in  which  the  dzUlBgS  -  ' 
tends.  But  the  lean  of  the  trees  and  the  driftage  of  the  beach  srs  \ 
often  in  opposite  directions. 


F 1  o.  1 . — Tree  bent  and  growing  in  the  Fio.  2.—  Knee^haped  *inTen*  «t  sioaik 
diri-ctioD  of  the  prerailing  wind.  of  riyer,  showing  the  lei  of  tiw  pieYtil- 

ing  current. 

a.  a.  TniTelling  S]ilngle>beacfa. 

We  also  find  that  such  a  floating  body  as  a  ship  at  anchor  always 
Hwings  with  the  tide,  except  in  a  very  excessive  gale;  and  fishermen's 
nets  when  they  break  loose  always  drift  with  the  tides.  So  also 
floating  timber  drifts  with  the  tide  unless  it  comes  so  near  the  shore 
as  to  bo  under  the  influence  of  wind- waves,  after  they  have  become 
**  waves  of  translation." 

'i'he  study  of  the  tidal  currents  on  the  coasts  of  Ireland  teaches 
us  that  they  have  little  or  no  driftage  power  when  the  tide  is  on  the 
ebl),  even  when  confined  in  narrow  channels ;  to  this,  however, 
there  are  exceptions,  as  the  quantity  of  water  flowing  out  through 
a  channel  may  be  considerably  increased  by  land  drainage,  thus 
cauBing  the  efilux  to  be  longer  in  duration  than  the  influx ;  and  in 
son  10  places  the  tide  runs  out  of  an  estuary  for  hours  longer  than 
it  flows  into  it,  the  efllux  being  augmented  by  floods  of  rivers  and 
the  like.  It  appears  also  that  the  driftage  is  greater  during  spring- 
tlian  neap-tides;  and  that  the  maximum  driftage  occurs  when  the 
direction  of  the  incoming  tidal  current  is  the  same  as  that  of  the 
prevailing  winds.  We  also  learn  that  the  "  set "  of  the  tidal  current 
inshore  depends  very  much  on  the  shape  of  the  coast-line.  If  the 
coast-lino  is  straight,  the  set  of  the  tide  along  the  shore  and  out- 
8i<le  in  the  deep  water  will  probably  be  similar ;  but  if  it  is  indented, 
or  islands  lie  ofiF  the  coast,  back  or  "counter-currents"  and  cross- 
tides  will  be  induced — which  form  oflF-shore  banks,  and  thus  lead 
to  various  complications.  Large  rivers  may  also  form  counter- 
currents  and  ofif-shore  banks. 
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n  iHostration  of  these  points  tbe  author  exhibited  a  series  of 
jnms  to  bLow  the  way  in  which,  when  two  headlandB  project 
ateqoal  distanoeB  from  tlie  general  coast-line,  the  secondary  ciir- 
ta  braDcbio^  from  the  main  tidal  current  deorenee  in  power  from 

beadl&nd  first  touched,  while  it  is  not  unusaal  for  &  half-tide 
nter-cTirrent  tci  set  backwards  along  the  shore  from  tho  second 
dlani3.     Also  that  when  one  headland  projects  much  further  than 

other,  if  the  coast-line  is  formed  of  soft  materials.  ofF-eliore 
*ls  (isujilJy  are  originatei!,  aiid  the  st-uoiidury  i.-urrents  increase 
p.-.wer  from  the  first  hca-iianJ,  il"  it  bo  li^i  longest. 
%  howsrez',  the  1<nigait  headland  k  the  aeoond  mm,  aod  a  ■tntit 
BIB  at  the  asd  of  it,  aa  in  the  Kngliah  Ohaimel  between  Portland 
1  and  Cape  Ia  'Bagob^  the  •eoondaijonrraDte  inoreaaa  in  intenaitj 
lards  the  atrai^ — a  amditioa  whidi  msj  aooonnt  for  the  peonliu 
tng  (rf*  the  p^4>le«  CiD  the  ObeaQ  Bank,  from  Bridport  to  Portland. 
Baoes  ftwed  by  the  meeting  of  conntflr-oaireDts  with  the  main 
il  ewnnt  an  Mw^a  oonneoted  with  &e  tail  end  of  an  off'Aoie 
ik ;  bst  whether  the  bank  is  dne  to  these  oaosea,  or  the  onrrenti 
^  bank,  it  is  hard  to  determine. 

bi  ialand  off  a  headland  seems  always  to  have  seocmdary  onnenta 
H^  it  on  each  side,  between  which  a  bank  grows  from  the  main- 
d,  the  ooDnter-cnrrents  much  resembling  those  which  would  have 
nrred  were  the  island  connected  with  the  shore. 
rhe  flow  of  a  large  river  generally  forms  a  bank  or  shoal  off  its 
x6h.  at  tfae  junction  of  the  river  current  with  that  of  the  tidal 
Tent.  About  this  bank  the  currents  run  in  various  complicated 
ections  ;  at  different  heights  of  the  spring-  and  neap- tides — high* 
ler  spring-tide  currents  often  running  right  across  iL 
bi  a  muddy  estuary  the  affluents  of  the  main  channel  are  nearly 
rariably  deflected  up  stream,  showing  that  the  arrangement  of  the 
tritus  is  influenced  more  by  the  incoming  tidal  current  than  by 
s  efflux.  Such  tidal  accumulations,  however,  are  greatly  modified 
'  the  river  floods,  as  a  strong  freshet  will  effect  considerable 
ondation  while  the  tide  is  out.  Denudation  may  also  be  effected 
1  utificial  means,  as  in  the  estuary  of  the  Boyne,  where,  by 
dicious  arrangements,  the  tidal  waters  have  been  made  to  assume 
e  fuuctioaa  of  river  freshets. 

Scott  Russell  has  shown  that  at  the  centre  a  wave  of  translation 
higher,  stronger,  and  swifter,  than  at  its  mai^ns.  Somewhat  in 
e  same  way  the  driftage  of  the  incoming  tidal  wave  is  usually 
Dch  stronger  ofTshore  than  it  is  inshore.  This  is  well  known  to 
harmen,  who  often  neglect  outlying  fishing  grounds  on  account  of 
e  additional  labour  connected  with  them  arising  from  the  augmented 
lodty  of  tbe  tides. 

On  a  steeply  sloping  beaob  the  driftage  solely  due  to  the  tidal 
ive  current  is  conspicuous  when  there  are  no  waves  formed  by  the 
ud.     Under  these  conditions  some  particles  of  tbe  beach  may  be 

'  The  effect  here  ii  sIhi  sagmented  b;  the  increiued  cairent  in  the  sea  l>etween 
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ini)  and  tidal  actions  are  proceeding  in  contrary  directions, 
lam  power  of  the  wind-wBTSB  eeema  to  be  exert«d  during 
the  tide — especially  that  of  spriog-tide — when  portious  of 
are  rooted  up  at  deptlja  which  are  ordinarily  undistarbed. 
wntinaiios  heavy  gales  blow  from  a  direction  oblique 
■Mve,  accdmnlatioos  of  detritus  due  to  the  wind-waves 
it  one  Eide  of  bays,  while  other  accumalations,  due  to  the 
;<e,  will  be  formed  at  the  opposite  side. 
'  Bccnmnlations  are  of  slow  growth,  taking  weeks  to 
lie,  however,  of  forty-eight  hours'  duration — especially 
ig-iides — from  a  direction  coinciding  with,  or  obliquely 
rith  that  of  the  tidal  current,  will  sweep  them  all  away, 
t,  however,  calls  for  notice  hero,  namely,  that  the  ac- 
due  to  the  wind  waves  cauoot  be  dissipated  until 
the  tidal  ourront  are  first  removed — the  latter  replen* 
>rmer  as  fast  as  they  are  removed. 

rt  of  these  ooncluaions,  detailed  observations  on  tha 
'■oast  of  Ireland  were  given  at  too  great  a  length  to  b« 
lore,  and  the  author  ooncluded  by  making  the  following 

at  the  driftage  dne  to  the  incoming  tidal  currents  is 
;  on  in  deep  water,  and  also  more  or  less  in  shallow  water. 
Phe  driftage  dae  to  wind- waves  only  oooars  daring  gales, 
<n  is  only  due  to  the  waves  that  break  on  the  shorn. 
bat  the  wind-wave  driftage  might  be  prevented  from 
harbour  if  a  fioatiag  breakwater  were  made  to  otOBS 
1  from  which  storms  proceed,  for  a  fixed  one  would 
end  to  cause  the  harboar  to  become  nlted  np. 


D  ITS  Environs  —  Hibtokioai.  amd  Soiehtifio.  Qro. 
[jondoQ  and  Bristol,  1875.  Published  under  the  Sanction 
al  Executive  Committee  of  the  British  Association, 
itish  Association  in  its  annual  visits  to  our  larger  cities 
as  has  much  to  answer  for  in  the  diffusion  of  what  some 
Scepticism,  and  others  a  spirit  of  rational  inquiry,  it  is 
trumental  in  bringing  before  the  public  a  number  of 
1  creating  an  interest  and  wholesome  stimulus  in  sden- 

entitled  "  Bristol  and  its  Environs  "  is  a  praiseworthy 
what  may  result  from  such  stimulus,  and  if  other  local 
mmitte<«  follow  the  example,  we  may  have  in  time  a 
iea  of  band-books. 

gical  chapters  in  this  work  have  been  written  by  Messrs. 
:y,  W.  W.  Stoddart,  and  R.  Tate,  eaoh  of  whom,  apart 
rork,  has  done  good  service  in  adding  to  onr  knowledge 
^ology.  Few  districts  have  indeed  been  the  subject  of 
tributions  to  geological  literature  as  the  country  around 
1  no  city  can  be  prouder  of  oae  who  devoted  so  mnch  of 
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HHJ.  zrcaLl^  Ijiaac — m   TnuxiuiL  voicfa.  »  eeTtain^ 
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icr  -'?2r.  .n  u'  "iit^  IlraiiWt:  md  Zlnenc  leis  .n  ~ue  Brisiall  azcft  wen 
h.  .«ir    z  iOit  .ai£3^     ~ai^  iucu  yf  "iiA  "Vjus-  Lion  bexiur  'W  Edwird 

J  .r~r9  inr  ;i<*inrerL  y*iz  .  imiiop^iu  "u  dbrau  ziaw  emdzij^  in  tiia 
..u^rfaa.     ^LU-^aeineir  ierir^siuii  je«L  :n  "iie  nad'ix  if  die  aeft.  and  to 

:;:>'  m^nrfirxL  if  "tie  J^fiiHomie3.  3riemnuti9.  loii  jdiis  forms  wliidi 

>r ."  "■ ' .  •  ii  :;ir"  la:*  i- : nrrL  •  i ire* :  *?  me  "^  la*":  L*  Ii:R3  :f  5.^sb£I3  from  the 
7:':»»r  Z-uuii:i:'?'=ii"7  ui':  Li^nr-rr  rir*:i:ii:3ir7iis  ':»»<Lfc  S?iixe  objectioni 
V.  ...:-  .*  -XtL.iTL  -:  :lif»  -r  nunenc  3i:iiiner  Ji  w^iicc.  die  term  Devo- 
.".  .1/.  . .^  "uwi:  vd  iz.  '»f:jii-'ueii-  iz.ii  ji  ^rjcer^aot?  ic  die  cerm  Old  Bed 
Vfc.".  :.r.:T:»*.  ':*h'a:i**  '.le  :-:iir<Hn::i;in:iiiirT  :e  these  formadons  is  a 
^  .■;-=:!:r  ::  :--.i:aiiicru:ie  lis^prir-*.  r-ir*j:iz#.  Iii:w»Tiir.  when  the  British 
A<s.:i-,i;i.-..:a  i^u-  zieer?  \z  Er^r:'..  ki-i  i  new  riiiTion  of  the  work  is 
^i.-^ii  f;r.  tiLs  i:T=*fi:  ^rioleni  tut  bi^^  been  ^clvetL 


Oxr^ryi/jfjAL  5lo«:TrrT  of  L:yro5.  —  E^cember  15,  1S75. — John 
f^'ir..^,  fivj.,  F.ri..S..  Presilen":.  in.  rle  'rhj-ir. 

I .  ''  N'oteH  on  :?*•;  Piivrl-zal  •jrirlz-rv  ct'  Easi  Anglia  daring  the 
0:'i/',:al  i'hrifxV     Bj  W/H.  Penmr.z.'E*j..  F.G.S. 

7  r»^j  arjf.hor  wish*r«l  it  to  be  nn'iersci»i  that  his  remarks  were  in- 
*'',n'M  iff  ftfun  a  sketoh,  rather  than  a  detaileil  account  of  the  subject 
*'>  '//\t\f:\t  th«;y  relate.     He  inteaJed  to  explain  the  origin  of  die  so- 

'  ■".♦  '.fily  d^»«  th^  Gvilo^cal  Surrer  Map  exhibit  the  lithological  rabdiTinom 
'.I  fcr.«,  'Iri44,  ftn/J  thft  VfiHATth  Hedi,  bat  the  Faults  and  Coai-crom,  which  an  not 
i-iH  ']t,v,u  t,n  Mr.  HanrJ*ir»'  Map.  In  the  north  of  Enijland.  too,  the  geology  ii  for 
Ml'  ti,'.ni  ifHti  ^itrft:yt:ii  and  published  on  the  larger  Ordnance  Mapa,  whoae  acale  i« 
nil  inthi.n  Ui  onn  fniU. 

•  i\f  "  htt  th<i  Khntif*  or  I'^nftrth  litnU  of  the  Xeighbourhood  of  Bristol  and  the 
•:  .mM.  ■'.«-».  of  KiiKlnml."  bv  II.  W.  iJriMUiir,  F.R.S.  Geol.  Mao.  1864,  Vol.  I.  p. 
M'i      lN|ii'rl  llril.  Ahoi:.  (Ilnrb}  for  1^64,  published  1865. 
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DM  ''middle-glaoial''  gr»TeIi  and  landSy  io  aobount  for  their  oo- 
mnoe  in  oertain  areM,  and  their  non-oooarrenoe  in  others,  where 
^might  reaaonably  have  been  expeoted.    Alao  to  deecribe  a  eeriee 

rKvela  of  donbtfm  age  and  origin  in  the  Cambridge  vidley. 
ahort  deacription  of  the  getdogy  and  phyaical  featoree  of  the 
iafariot  was  grren,  and  an  inference  drawn,  from  the  varying  faaaaa 
r  tha  **  Orag^"  that  the  land  was  ainldng  during  that  exa  and  until 
Air  tlie  depoaition  of  the  Cromer  "  Forest-bed."  Then  Arotio  oon- 
ilioiia  beg^  to  prerail,  and  the  great  glaoial  subsidenoe  oom- 
MBoed ;  the  ''lower  glaoial **  beds  were  formed,  and  suooeeded  by 
<  kige  aeiiea  of  false-bedded  gravels  and  sands,  with  intercalated 
■tohaa  of  nnstnitified  olay.  These  deposits  run  up  only  to  a  oertain 
■tel,  aboat  800  liBet»  never  quite  reaohing  the  top  of  the  Chalk 
mrpmontk  where  the  overlying  Boidder-olay  is  invariably  found 
wtfng  on  the  older  rook,  without  any  gravel  or  sand  between.  The 
alhor  inferred  from  this  oironmstanoe  that  after  the  deposition  of 
ke  ''lower"  beds,  and  as  snbmeigenoe  went  on,  i}bA  waters  of  the 
loitli  Sea  were  again  united  to  ^ose  of  the  Atlantic.  A  strong 
■Rent  vraa  thus  set  up,  which  swept  down  from  the  north,  bringing 
rith  it  the  material  of  which  the  gravels  are  composed,  and  which 
I  finmd  to  consist  of  pebbles,  all  derived  from  the  northern  and 
astern  ooasts,  mixed  with  flints  from  the  Chalk.  The  e8cai*pment 
f  this  formation  stood  at  the  time  above  the  water,  but  when  once 
ufficiently  submerged  to  admit  the  water  over  its  lower  portions, 
he  conditions  were  altered,  the  current  lost  its  force,  and  the  de- 
position of  gravel  ceased.  An  occasional  iceberg  had  dropped  its 
oad  of  unstratified  clay,  which  became  intercalated  with  the  gravels, 
Hit  the  greater  number  of  such  bergs  were  quickly  swept  away  to 
be  south.  Now  the  waters  had  access  to  a  larger  area,  the  formation 
\i  gravel  was  succeeded  by  that  of  Boulder-clay,  which  in  the 
iDthor*s  opinion  is  entirely  composed  of  masses  of  clay  inclosing 
boulders,  brought  down  and  dropped  by  icebergs  tn  maM^  which 
accounts  for  its  want  of  stratification. 

This  Boulder-clay  rests  evenly  on  and  at  the  higher  level  overlaps 
the  "middle-glacial"  sands;  it  then  caps  the  Chalk  escarpment,  and 
plonges  down  into  the  Cambridge  valley,  even  to  the  present  level 
of  the  sea ;  but  in  no  instance  on  or  beyond  the  escarpment  does  any 
land  or  gravel  intervene  between  it  and  the  older  geological  for- 
mations, although  just  over  the  scarp  (on  the  south  side)  the  gravels 
nm  up  to  an  elevation  of  300  feet  The  gravel -forming  currents 
were  evidently  confined  to  the  seaward  side  of  the  Chalk  range, 
and  excluded  from  the  Cambridge  valley,  which  is  undoubtedly  ftt- 
glacial,  and  which  formed  at  the  time  a  large  inlet,  land-locked  on 
»very  side  but  one,  discharging  its  waters  through  the  opening  now 
)ccupied  by  the  estuary  of  "  The  Wash." 

In  the  Cambridge  valley  there  are  sheets  of  river-gravel  of  recent 
late,  some  patches  of  doubtful  age,  but  not  traceable  under  the 
3oulder-clay,  and  an  elongated  series  of  gravels  at  a  level  of  20  to 
>0  feet  above  the  present  level  of  the  Cam.  These  are  in  some  parts 
iistant  from  the  present  course  of  the  river,  and  present  a  striking 
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resemblanoe  to  glacial  gravels ;  but  as  they  here  and  there  oonttm 
recent  shells,  and  taking  into  consideration  their  uniformity  of  levali -^: 
the  author  concludes  that  they  indicate  an  ancient  course  of  tlit  ^:: 
Eiver  Cam. 

The  other  conclusions  arrived  at,  after  mature  consideration  of  all  ' 
the  evidence  hitherto  obtained,  are — that  a  gradual  passage  will  be 
found  to  exist  from  the  base  of  the  Crag  up  to  and  through  the  drift  : 
deposits  to  those  of  recent  date;  that  in  East  Anglia  we  have  evi*  •• 
dence  of  but  one,  and  that  a  gradual,  period  of  glacial  submergenoei  . 
succeeded  by  a  corresponding  movement  of  re-elevation ;  and  that  : 
there  are  no  ''  middle-glacial "  deposits  whatever  within  the  area  of  . 
the  Cambridge  valley. 

2.  ''Denuding  Agencies  and  Geological  Deposition  under  the 
Flow  of  Ice  and  Water,  with  the  Laws  which  regulate  these  actions, 
land  the  special  bearing  on  river-action,  of  observationB  on  the 
Mississippi  and  other  great  rivers,  and  their  present  and  past  Meteoro* 
logical  conditions,  and  similar  remarks  on  Marine  Deposits,  illustrated 
by  the  Irish  Sea  and  the  ChesU  Beach."    By  A.  Tyler,  Esq.,  F.aS.* 

The  author's  remarks  were  illustrated  by  diagrams  of  oaiefally 
measured  sections,  of  instances  of  deposition  and  denudation.  From 
these  he  inferred  that  the  present  contours  of  hills  were  formed 
in  a  previous  Pluvial  Period,  when  rivers  and  springs,  winds, 
currents,  and  tides,  were  of  greater  force  than  at  the  present  time. 
He  thought  the  immense  size,  height  and  position  of  Quaternary 
Gravels,  when  compared  with  recent  deposits,  afforded  evidence  of  a 
rainy  more  than  an  icy  period. 

It  was  remarkable  that  the  great  Playfair,  the  original  advocate 
of  Land  Ice  as  a  geological  agent,  was  not  acknowledged  as  the 
author  of  this  great  discovery  by  either  Agassiz,  Lyell,  J.  Croll  or 
James  G^ikie.  His  merit  was,  however,  fully  admitted  by  d'Archiao 
and  the  late  Professor  James  Forbes,  of  Edinburgh. 

One  of  Playfair*6  original  and  accurate  remarks  in  1813  was  that, 
''after  glaciers,  torrents  were  the  most  powerful  agents  of  denudation." 

Mr.  Tylor  illustrated  his  paper  by  accurate  drawings  of  Black 
Gang  Chine ;  part  of  the  Undercliff,  Isle  of  Wight ;  Oliver's  Mount, 
near  Scarborough ;  Fairlight  and  Ecclesboume  Glen,  near  Hastings ; 
the  Hhondda  Valley,  S.  Wales,  etc.,  to  show  that  the  contours  in  such 
strata  could  only  have  been  formed  in  a  wet  climat^e.  These  do 
not  now  change  perceptibly,  except  in  wet  districts,  as  8.  Wales. 
The  writer  then  compared  the  16  inches  of  rain  and  snow  in  winter, 
with  the  6^  inches  in  summer  in  Westmoreland,  and  also  remarked 
that  the  SO  inches  rain  and  snow  in  winter  in  Switzerland  only 
rising  to  42  inches  in  summer,  show  the  probability  that  rain&U 
was  much  greater  everywhere  in  the  whole  year  than  snow — snow 
being  probably  limited  to  9  months  of  winter  alone,  even  in  the 
Glacial  Period.  Both  rain  and  snow  diminished  in  quantity  at  heights 
of  more  than  2000  feet  above  the  level  of  the  sea  in  Westmoreland, 
and  above  6000  feet  in  Switzerland.     Mr.  Tylor  concluded  that  as 

I  This  abstract  of  Mr.  Tylor*8  paper  has  been  furnished  by  the  author,  and  is  in- 
serted by  his  special  desire  as  more  fully  expressing  his  riews. — Edit.  Obol.  Maq. 
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bciiarge  of  ihe  Bhine  below  the  Lake  of  Oenova  was  35  incties, 
■he  difichai^  of  the  Misaissippi  only  7  inoheB,  that  the  little 
B  of  diEcbarge  from  glacier-rivers  might  be  only  due  to  the 
tion  of  the  snow-covered  land.  He  expLained  the  serrated  form 
e  higher  Swiss  mouataina  by  aupposiog  in  the  Glacial  Period  the 
■  Mid  ioe  were  only  formed  at  comparatively  low  levels,  all  the 
or  as  it  arriveii  being  abaorbed  by  clouds  dischurging  near  the 
.  of  the  sea.  Nordengkibld  reuarke  that  iu'  the  80tb  parallel  of 
idfl  the  hills  near  the  coast  are  bare  of  snow  in  summer,  while 
low  gronnd  near  the  sea  is  always  encumbered  with  ice  and 
r.      The  same  caase  ]>roclHces  early  abstrBction  of  vapour,  and 

enable  the  Poles  to  be  free  from  ice.  The  ice-cap  must  have 
I  BHk  flMkwat  th»  70th  iMraUal  thw  hrther  North. 
Ii&  ng^rd  to  Us  dewriptisD  ^  the  Qnatentaiy  depoaittr  Fzo* 
w  Piwlwiuh  fint  ndooea  then  atnte  to  natenuttio  order.  The 
^  difiand  from  him  aa  to  olimoto,  the  divuioiu  of  the  bedt,  and 
ige  of  the  vallaja,  etc  Theae  atnta  have  a  h>oal  oharaotar  in 
iMd,  but  ia  o&er  parta  of  the  world  Hr.  Belt  haa  feand  the 
nrj  to  he  the  oaae. 

tiA  sogaid  to  Dana's  Bi-mt  Hiaaiaaippi  in  Qoatenarj  timea  SO 
•  wide,  Mr.  Tylor  thought  a  river  50  times  aa  wide  aa  the  pre- 

HiaaiflRppi  must  be  2^  ttmeB  ae  deep,  and  according  to  his 
inla  woald  have  5  timea  the  pFeeent  velocity.  Such  a  river 
Id  iront  625  timea  the  preaent  snowfall  or  rainfall  to  fill  it. 

melting  of  Dana's  "Great  Glacier"  would  therefore  have  the 
-acter  of  a  dihaele,  without  the  name.  The  old  Mississippi  would 
s  exhausted  such  an  ice-ct^  almost  in  30  years, 
he  depreesion  of  the  Missisaippi  Valley,  supposed  by  Dana  to  have 
ured  in  the  Gravel  Period,  sboald  be  proved  by  examination 
a  flexures  to  have  actually  occurred,  as  the  land  is  never  raised 
lepressed  without  a  series  of  flexures  being  formed;  inlerferenoe 
li  the  regularity  of  the  slopes  and  junctiona  of  modem  main  and 
ntary  rivers  was  referred  to  as  not  affording  evidence  of  any 
nrbiuioe.  Mr.  Tylor  referred  to  the  double  system  of  flexures  of 
ration  in  the  Wealden  area,  which  he  tad  shown,  in  1868,  were 
frmctures,  as  HapkiitB  had  thought  Flexures  had  determined  the 
ne  of  the  Wealden  rivera.  In  that  area  valleys  and  gorges  were 
luced  actually  resnltiug  in  the  Quaternary  Period  from  denuda- 
.  A  north-and -south  flexure  of  1000  feet  in  a  mile  had  occurred 
hiildford,  and  had  caused  the  gorge  of  the  Wey  at  the  point  where 

strata  had  also  been  especially  depressed  by  an  east-and-west 
;le  flexnre  of  small  amount  per  mile,  but  extending  over  a  length 
iO  miles. 

lie  contour  of  a  section,  measured  by  A.  T^lor,  of  some  remark- 
)  marine  foBsiliferous  gravels  at  Coalbrook  Dale,  was  compared 
It  the  contour  of  the  modem  Cheeil  Beach.     This  remarkable 

of  isolated  marine  gravels  in  the  Severn  Valley  apparently 
ued  of  remaaiii'd  fluviatile  gravel  at  a  height  of  200  feet  above 
sea,  without  trace  of  similar  beds  between  Bridgnorth  and  the 

was  then  dwelt  upon,  and  the  Moel  Tiyfaen  beds  were  described. 
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occurring  at  heights  much  above  the  Welsh  Lakes,  which  wera^  -  : 

however,  not  occupied  by  marine  beds. 

The  writer  expressed  his  regret  that  when  Mr.  Trimmer  found,  iBi  — ^ 
1831,  the  markings  or  scratches,  which  he  rightly  pronounced  glaoiaI»  .-. 
made  distinctly  on  the  face  of  the  Tr)'faen  Rocks,  and  covered  hj  ; 
the  fossiliferous  marine  drift,  he  did  not  infer  that  a  Olacial  Period  -,  - 
had  once  existed  in  Wales.  The  great  discovery  was  made-  \rf  .  - 
Agassiz  in  1837  that  there  was  an  Ice  Period  at  one  time  almost  aU  .. 
over  the  world.  -. 

Some  of  the  best  examples  of  the  rapid  formation  of  a  recent  fluTiatib  . 
stratum  were  in  India.     A  deposit  was  there  described  made  by  but   .. 
a  small  mountain  stream  measuring  a  million  cubic  feet  in  a  montli.   .. 

Hi  vers  flowing  in  uniform  motion  for  hundreds  of  miles,  often  T. 
depositing  but  a  small  portion  of  sand  and  mud,  carry  oot  a  gnat    . 
mass  of  solid  matter  in  suspension,  and  along  their  river  channeli, 
and  push  the  material  into  the  sea,  furnishing  material  for  marine 
littoral  deposits. 

The  case  of  the  Danube  bar,  where  a  rapid  denudation  650  feel 
wide  has  been  produced  by  artificial  piers  arranged  by  Sir  C.  Hartley- 
80  as  to  concentrate  the  river-current  and  make  an  opposite  current    . 
from  the  sea,  was  referred  to. 

Sir  H.  T.  De  la  Beche  observed  that  the  dry  land  valleys  along 
the  English  coast  were  not  prolonged  into  the  Channel.  The  soaroe 
of  the  material  to  fill  them  must  have  been  the  sands  brought  in 
from  deeper  water  or  from  the  rivers. 

The  writer  pointed  to  the  immense  cuts  out  of  solid  strata  or 
rocks  in  the  estuaries  of  the  Tliames,  Seine,  and  Severn,  to  show 
how  the  alternate  and  often  opposite  action  of  the  river  and  tide 
favoured  denudation.  The  sea  alone  could  not  penetrate  an  iron- 
bound  coast  in  this  manner. 

The  sea  throws  up  beaches  all  along  the  coast,  as  well  as  littoral 
deposits.  Chesil  Beach  is  a  conspicuous  example,  with  its  lagoons 
behind,  and  its  form  approaching  a  binomial  curve,  to  which  all 
l)eaches  approximate.  The  Kio  Grande  Beach,  100  miles  long, 
10  miles  wide,  inclosing  a  fresh-water  lagoon  20  miles  wide,  100 
miles  long,  was  referred  to  as  a  recent  deposit,  like  that,  on  a  small 
scale,  at  Shoreham,  near  Brighton. 

A  drawing  to  scale  showed  that  the  coarse  of  the  Chesil  Beach  could 
be  closely  represented  by  a  binomial  curve. 

The  writer  had  previously  applied  this  curve  to  indicate  the  true 
form  of  hills,  when  not  disturbed  by  beds  of  unequal  hardness  or 
permeability.  The  lower  part  of  this  curve  is  a  parabola,  and  the 
longitudinal  sections  of  large  navigable  rivers  (of  which  the  Ganges 
is  a  good  instance)  follow  this  curve.  The  law  of  uniform  motion 
of  rivers  and  the  ejBfect  of  weight  and  slope  on  velocity  were  illus- 
trated by  diagrams. 

Marine  deposits  and  marine  denudation  may  be  well  observed  in 
many  real  instances  on  our  coast  The  writer  was  unable  to  find  a 
good  example  of  a  plane  of  marine  denudation,  a  term  in  general 
use  among  geologists ;  but  he  had  found  in  the  Estuary  of  the  La 


Oeoloffieal  Sodeiy  of  London.  93 

i  that  the  depth  at  anj  poiiit  OTer  an  area  of  6000  sqaare  miles 
not  mors  than  80  feetp  nor  less  than  8  feet,  ao  that  there  was  not 
Mi  paartioiilar  inatanoe  of  an  eatnaiy  mnoh  deviation  ftom  a  plane. 
[r.  Tjf lor  doea  not  think  the  plane  of  denudation  is  a  good  term, 
he  Inaih  Sea,  of  whidi  he  produoed  a  aeotion  and  plan,  the  width 
ha  oentral  gorge  below  50  fathoms  varies  with  the  width  of  the 
imal  from  ahoiB  to  shore.  The  onrye  of  denudation  is  a  more 
fit  pihraae  for  the  section  of  the  sea  than  the  plane. 
Ir.  Tjlofr  exhibited  drawings  and  observations  to  prove  that  the 
loity  of  the  tide  over  a  distriofc  of  120,000  sqnare  miles  of  sea 
torn  near  Scilly  is  abont  1  mile  an  hour,  the  mean  depth  of  the 
nael  averaging  67  jfothoms. 

ly  the  oomposition  of  forces  the  velodty  of  the  tide  at  springs  is 
reaaed  in  an  eastward  course  to  six  knots  an  hour  near  the 
umel  lalands,  or  south  of  the  English  Channel,  where  the  Channel 
mlj  12  fikthoms  deep  on  the  average. 

die  tide  in  the  more  northern  part  of  the  English  Channel  was 
wn  firom  observation  to  increase  in  a  r^ular  ratio  from  one  to 
ae  knota  an  hour  going  eastward,  as  the  depth  of  the  sea  decreased 
B  60  fathoms  to  20  fathoms.  That  is,  as  the  water  decreased  in 
>th,  it  increased  in  velocity. 

Mr.  Tyler  supported  the  view  that  the  central  mass  of  the  Atlantic 
ter  was  moved  bodily  at  -^tb  of  a  mile  per  hour,  alternately  east 
1  west  every  six  hours,  and  that  by  this  rhythmic  movement  an 
pulse  was  communicated  to  the  water  in  the  Irish  Sea,  almost 
ULutaneously,  as  if  through  a  solid  body.  Ho  believed  he  had 
)Ted  this  transmission  because  the  tide  turned  every  six  hours  at 
3  samo  time  in  all  parts  of  the  Irish  Channel,  even  in  remote 
)Tecambe  Bay.  There  must  have  been  a  vibration  propagated  witli 
t  velocity  almost  of  light  from  the  centre  to  the  sides  of  the  Atlantic. 
The  height  of  high  water  and  the  time  of  high  and  low  water  must 

affected  by  local  influences  only,  for  high  and  low  water  did  not 
incide  with  the  turn  of  the  tide.    There  does  not  seem  any  evidence 

a  tidal  wave  really  bringing  high  water  with  it  (except  in  a 
nael -shaped  estuary).     If  it  were  so,  high  water  ought  always  to 

svnchronous  at  both  ends  of  the  Irish  Channel :  but  the  fact  is 
It  it  is  high  water  at  one  end  of  the  Irish  Channel  when  it  is  low 
Iter  at  the  other.  High  and  low  water  are  only  consequences  of 
9  act  of  partly  filling  and  emptying  an  irregular  channel  by  tidal 
pulses,  and  vary  in  time  and  height. 

The  author  does  not  believe  in  the  Tidal  Wave  as  generally 
scribed  by  existing  writers,  or  as  a  thin  sheet  of  surface-water 
3ving  at  an  immense  velocity,  according  to  the  theory  of  Dr. 
hmick,  the  latest  writer  on  the  Tides.  He  thinks,  on  the  con- 
iTv,  all  the  tidal  effects  could  be  produced  in  a  model  by  moving 
e  deep   (tidal)  impulse-g^iving  water  alternately  and  oppositely. 

central  horizontal  movement  of  y-i-jj-inch  in  the  deep  central 
vity  of  the  model  would  move  the  water  at  the  shallow  extremi- 
^8  one  inch,  raising  and  lowering  the  level  of  the  water  at  the 
tremities,  without  vertical  movement  of  the  central  mass. 
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ON  THE  COTYLBBEBMIBM, 

Sib, — The  December  Number  of  your  Magazine  contains  a  letter 
from  Mr.  Chas.  Moore,  of  Bath,  purporting  to  be  a  notice  of  "the 
genera  P/tcatocrtnus,  Cotyledermaf  and  SolanoerimtB,'*  of  which  he 
tells  us  next  to  nothing,  but  attempts  to  make  it  appear  that  I  made 
an  erroneous  diagnosis  of  the  Cotylederm  I  described  in  the  October 
Number  of  the  Magazine,  and  gives  an  inaccurate  account  of  privita 
conversations  which  ought  not  to  have  been  published.  Liet  m» 
narrate,  by  way  of  explanation,  what  did  occur. 

Late  in  the  evening,  at  the  Conversazione  held  in  Colston  Hall  on 
the  27th  August  last,  during  the  Meeting  of  the  British  Assodaticm 
at  Bristol,  my  friend  Mr.  F.  Longe,  F.G.S.,  met  me  in  the  room,  and 
told  me  he  had  found  a  new  fossil  in  the  Lias  near  Charmouth,  and 
wished  to  have  my  opinion  upon  it  Taking  the  specimen  from  his 
pocket,  he  said,  ''  Tell  me  what  it  is."  I  replied,  ''  The  light  is  now 
so  bad  that  I  am  afraid  I  cannot  see  that  small  dark  object^"  bat 
placing  it  under  the  dim  twinkle  of  an  expiring  lamp  to  examine  it, 
I  said,  "  From  what  I  can  make  out,  it  resembles  a  Balanu$,  for  it 
has  adhered  to  something,  has  a  bent  body  composed  of  unequal 
longitudinal  pieces,  and  has  an  opening  at  the  top,  but  the  pieces  or 
plates  are  different  in  structure  and  mode  of  junction  from  those  of 
any  Balanua  I  know.  If  you  will  let  me  have  the  specimen  again 
when  I  have  a  good  light,  and  my  pocket  lens,  to  help  me,  I  will 
endeavour  to  make  out  more  about  it" 

On  the  following  Monday  morning  I  met  Mr.  C.  Moore  in  one  of 
the  railway  carriages  between  Bath  and  Bristol.  He  took  Mr.  Longe*B 
fossil  from  his  pocket,  and  showed  it  to  me.  T  told  him  I  had  seen 
it  on  Friday  evening  at  the  Conversazione,  and  repeated  what  I  had 
said  to  Mr.  Longe  about  it  (but  added  that  I  had  seen  it  in  so  dim  a 
light  it  was  impossible  to  make  out  anything  beyond  its  general 
outline).  I  then  carefully  examined  the  fossil  with  my  lens,  and  we 
talked  over  the  very  singular  character  of  the  group  Cotyledermtda, 
to  which  it  evidently  belonged,  and  about  the  structure  of  which, 
from  that  conversation,  it  appeared  we  had  everything  to  learn.  Mr. 
C.  Moore  said  he  thought  he  had  found  separate  plates  of  the  same 
fossil,  which  however  he  never  showed  to  me  in  his  museum.  He 
is  further  mistaken  in  saying  that  I  had  the  advantage  of  consulting 
Deslongchamps'  •*  Memoire  sur  le  couche  a  Leptana,^'  which  I  did 
not  see  until  after  my  notice  had  appeared  in  the  Magazine  in 
October,  otherwise  I  should  have  found  that  the  author  had  referred 
this  form  of  CoTYLKDKRMiD-fi  to  Miinster's  genus  Plicaiocrtnus,  and 
that  on  the  first  sight  of  the  fossil,  Deslongchamps  had  the  same 
impression  of  its  form  and  affinities  as  myself ;  for  he  says  at  p.  45  : 
**  It  has  the  aspect  of  a  small  BalamiSf  and  like  the  Balanus  is  formed 
of  unequal  longitudinal  plates ;  but  here  the  resemblance  ceases :  the 
plates,  which  arc  thick  and  flat,  have  their  borders  placed  in  simple 
juxUiposition,  and  not  united  by  a  serrated  suture."  From  the 
foregoing,  it  is  evident  I  gave  no  opinion  on  the  subject,  and  this 
Mr.  C.  Moore  knew  from  myself,  as  I  told  him  what  I  had  said  to 
Mr.  Longe ;  therefore  I  consider  it  veiy  unfair  on  his  part  to  state 
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tet  I  haA  made  an  inoamot  diagnoib  of  ''a  gronp  of  foflsils,  on 
vUdi  I  had  been  ao  long  aft  work,"  merely  to  show  that  the  oor- 
mdSaa  of  tiie  error  waa  doe  to  hunaelt 

t,  Uh  7m.,  1876.  Tbxmab  Wbight,  H.D. 


UPFEB  BOULDXR-OLAY  OF  THE  N.W.  OF  ENGLAND.^ 
Bni» — ^I  am  aony  that  the  very  eminent  gladalist,  Mr.  Einahan, 
4H  not  aee  a  better  apeoimen  of  the  above  deposit  than  that  men- 
m  bia  artide.'  I  have  been  familiar  with  it,  for  many 
in  the  flat  and  low-lying  distriota  of  Shropshire,  Cheshire, 
and  Weat  Comberland.  It  is  the  best-defined,  most 
faiahtenlly  nnlform  in  its  ohanuster,  and  horizontally-oontinoous  of 
WKf  gl«MMl  depoait  I  have  seen.  It  likewise  contains  the  largest 
pv-oentaflse  of  flattened  pebbles  with  parallel  and  perfectly-preserved 
ilriB.  With  regard  to  the  drifts  of  the  Isle  of  Man,  I  think  they 
«|[^i  to  be  compared  with  the  magnificent  normal  sections  ocoarring 
OB  die  opposite  sea-coaat  of  Gamberland,  between  Maryport  and  St 
Baea,  bat  eapeoially  between  Bavenglass  and  Millom.  For  informa- 
iioa  on  the  above  subjects,  see  Gsol.  Mag.  for  Doa  1870,  June  and 
Jaly,  1871,  and  Sept  1872.  See  also  Qoart'  Journal  Oeol.  Soc, 
voL  zxT.  p.  407 ;  voL  zxviiL  p.  888 ;  and  vol.  xxx.  p.  181. 

D.  Mackintosh. 

1  This  letter  bas  been  accidentally  held  over. — Edit.  6eol.  Mao. 
'  Geol.  Mao.  1875,  Decade  II.  Vol.  II.  p.  647. 

THE    SCAELE    BORING,    LINCOLNSHIRE. 

Sib, — ^It  may  interest  year  readers  to  learn  that  this  deep  boring 
has  at  length  entered  the  Coal-measures  at  a  depth  of  1,900  feet,  after 
passing  through  strata  from  the  Lower  Lias  downwards  to  the  Co£kl- 
measorea.  The  Permian  beds  were  found  of  greater  thickness  than 
was  expected,  and  for  some  time  disappointed  the  expectations  of 
those  who  hoped  the  Coal-measures  would  be  reached  at  a  less  depth 
th^n  has  actnallj  proved  to  be  the  case.  The  core  which  was  sent 
to  me  last  week  by  Mr.  J.  T.  Boot,  Mining  Engineer,  who  has 
nperintended  the  work,  consists  of  grey  fine-grained  grit,  slightly 
micaoeous,  containing  carbonized  plants,  but  too  much  rubbed  for 
determination.  It  came  from  a  depth  of  1,906  feet.  Judging  from 
the  lamination,  the  dip  of  the  beds  is  moderate.  The  boring  reflects 
great  credit  on  the  Diamond-Boring  Company,  and  upon  the  adven- 
tnrera,  who,  through  much  discouragement,  have  persevered ;  and  it 
is  to  be  hoped  that  ere  the  experiment  is  abandoned,  an  actual  coal- 
seam  will  be  pierced  through. 

I  hope  to  be  able  to  draw  up  a  detailed  account  of  this  most  inter- 
eating  attempt  to  reach  coal  far  beyond  the  district  in  which  it  is 
worked.  Edward  Hull. 

Gbolooxcal  Sukyet  of  Ibeland, 

14,  HuMB  Street,  Dublin,  17  Jan,  1876. 

MlSCXLLAHBOUS. — PbOF.  A.  E.  NOBOENSKIOLD  AND  THB  SwEDISH   EXPEDITION 

fo  THE  PoLAB.  SsA.  All  Imperial  ordinance  was  officially  pnblished  at  St.  Peters- 
burg, Jan.  Ist,  1876,  directing  that  the  thanks  of  tbe  Russian  Goyemment  be  con- 
veyed to  Uie  Swedish  Professor  Nordenskiold,  for  bis  exploration  of  tbe  Polar  Sea 
^  to  the  Yenisei  BiTer. 
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Triidei  «  :iinca  no  remier  taeata^r  wtiar  it  now  iiiid<:>abcedlT 
3.  *in»  iioac  popiMr  sasics  if  die  -tay.  Those  who  k^j  the 
^.T«i  fbrame  ni  kauw  Ife  Piniot  Scnpe  personaQT.  as  a 
i.--iiiinc  3ifflu  wia»  iw.  but  diey  cbl  t»dfy  t»  the  braiilness 
f  jis  «i«uinc  ▼iewm  u  weil  as  aj  die  nobl^ie^  of  his  cha- 

-T  his  poblished   works  (on 

_^^  <=»  <^o«bt   the  wide 

indoence  if  ha  wrrmigs  Ja  aie  cncreQC  of  geofcigw^  thoogfat 
T.:-iay. 

Mjfliy  if  :i«  aioac  aiirsziced  ptoposcioiLS  in  geology  may  be 
:nceit  oack  in.  ame  to  Mr.  Poulect  Scrape's  earixer  wi^rka. 

Thxsa,  fbr  example :  That  rhe  fbliacion.  in.  mecamorphic  schists, 
no-  less  than  the  cleaTTi^  oi  che  finor  ^oe-rccks,.  was  doe  to 
le  sqneexin^  of  tiifiir  err^alline  or  aemi-cryatallzne  particles 

Tbit  mrst  v^evs  are  iue  to  sabaerial  denudation  ('G^oloor 
.1  Vzloinc*  oz  C^rru  Frmce/  1^27  .*  *^ 

Tbit  maav  •lepcsits.  hitherto  referred  to  'liferent  geolooical 

i;^s.  may  have  been  jctrasialared  c*mtemporaMeously   in  con- 

rl^^oos  areas  •  *  Volcano 6.*  lS2o.  p.  2-3^^  •. 


'lie 

on 


accumulation,  above  thb^« 

fissnre  or  vent,  of  ejected  materials,  as  ashes,  cinders,  scorise  _ 
p amice,  and  other  loose  materials  interstratified  with  beds  o9 


lava. 


That   steam  is  the  great  dynamical  agent  in  all   volcani< — -i 
outbursts ;  and  that  it  also  fills  the  interstices  of  all  fluid  lavas^   -; 

As  an  old  Member  of  Parliament  from  1S33-1S6S  (^a  periocEi 
of  thirty-five  years),  Mr.  Scrope  was  personally  known  to  many    — 
and  sincerely  esteemed  by  all  his  colleagues  on  the  Liberal! 
iKrnches. 

To  the  pages  of  this  Magazine  he  has  been  a  frequent  con 

tributor  up  to  the  last 

'  f  A  fnll  notice  of  Mr.  Poulett  Scrope,  with  a  Portrait,  will  be  found  in  th^^ 
(ir.oh.  Mao.  1870,  Vol.  VII.  p.  193.J     See  also  notices  in  the  *  Academy  ""^ 
•  SiiUirti'  and  the  *  Athenajum,'  for  29  January,  1876.  "" 

'*  •  rifjolofcijit,'  1858,  Yol.  i.  p.  362. 

=»  (iMtL.  Mao.  1H66,  Vol.  III.  p.  193. 

*  •  \nkhntmf  \H'Z6 ;  Quart.  Joum.  Geol.  Soc.  1856,  p.  337. 
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GEOLOGICAL    MAGAZINE. 

NEW    SERIES.     DECADE    i  I.    VOL.    III. 
Ho.  m— MAECH,  1876. 

L SCBAEBIAL    DEKtDATION    VBBSVS    GlACUL    EbOSION, 

Bj  W.   GUNN, 

Of  B.  U.  Geologiral  Sunov  of  Englond  and  Wales. 

rfmad  and  colleague.  Mr.  Goodchild,  has  contributed  to  tbe 
Gkoi-  Mag.  for  Jttly,  August  and  October  last,  articles  on 
flhfUl  Etosion  in  the  Yorkshire  Dale  District,  in  order  to  evoke 
BJticisia  ;  and  as  no  one  who  knows  the  ground  lias  come  forward 
n  nplj  in  detjtil  to  his  arguments,  I  am  induced  to  offer  some  notes 
Df  toy  own  on  the  subject.' 

TAwAi  of  botb  his  articles  is  baaed  on  tbe  supposed  fact  that 
'under  the  influence  of  the  weather,  linieatone,  as  is  well  known, 
often  disappears  with  great  rapidity  "  (p.  326) ;  and  "  disappears  in 
Ilia  way  faster  than  any  other  rock"  (pp.  327,  359,  362,  486,  491), 
Ee  says  (p.  327j  :  "  It  will  then  readily  ho  ailniitted  by  most  geolo- 
psts  that  under  purely  atmospherio  conditions  the  rnck  that  tends 
lo  disappear  tbe  fastest  is  limestone ;  next  to  this  shale ;  and  tbe 
ileweet  of  all  to  weather  away  is  sandstone."  I,  for  one,  cannot 
idmit  this,  nor  do  I  think  most  geologists  would  admit  it.  Jukes 
lertainly  thought  tbe  Carboniferous  LimestunQ  of  Ireland  wasted 
&a«r  in  this  way  than  the  Old  Ited  Sanilstone  ; '  but  bo  says,  "  Any 
lands  of  soft  shales  and  clays  would  of  course  yield  more  rapidly 
than  tbe  sandstones,  or  perhaps  even  than  tbe  limestones,  and  form 
□orreepooding  low  lands  and  valleys."'  Lyell,  writing  of  the 
nised  aes-beaches  of  tbe  Gulf  of  St.  Lawrence,  60  feet  above  present 
bigbest  tides,  says :  "  In  tbe  North  American  beaches  above  men- 
tioned rounded  fragments  of  limestone  have  been  found  perforated 
by  litkodomi ;  and  holes  drilled  by  the  same  moJIusks  have  been 
'letected  in  the  columnar  n)cks  iir  '  flower  iiols,'  slinwing  that  tbora 
has  been  no  great  amount  of  atmospberic  decomposition  on  the  sur- 
face, or  the  cavities  alluded  to  would  have  disappeared."  *  This 
ihowa  that  limestone  does  not  everywhere  waste  with  great  rapidity. 
Further  on  the  same  author  says,  "Notwithstanding  tbe  enduring 
natnra  of  the  marks  left  by  littoral  action  on  caloireoue  rocks,  we 
can  by  no  means  detect  sea-beaches  and  inland  cliSs  everywhere, 
even  in  Sicily  and  the  Morea.     On  tbe  contrary,  they  are,  upon  the 

■  Tb  aothcir  ytiibea  to  rtate,  that,  when  thia  article  was  written,  the  Juiiury 
Xubar  lud  Dt>t  nppeuri^cl,  lad  he  waa  unaware  of  the  fact  (hat  his  colleague,  Mr. 
Bn^  Hitler,  bad  wriiirii  opoD  the  aubiect  (•««  GsoL.  Mao.  Janiuiy,  1876,  p.  23). 

'  Jokes  Bod  Geikit,  Miiaoal,  third  ed.,  p.  <66. 

■  Op.  cit.  p.  4sB.  *  ElemeDta,  nith  ed.,  p.  78. 

VtCAVB  U. — *ei-  lU' — "»■  lo-  1 
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In  GMDMVTon  CMIe  Iki 

kvdlADWB.  Tk OMftk k  boQl of 
Lyers  of  limertoue  wmd  aBdrtme^  fht  muHtttrntfi  bsring  beeai  dudif 
derlred  hem  the  ¥illiiwM  Grit,  and  the  li»Mtn»ft  from  qoKiin  Im 
Anglesey. Tk  Hmmow  kM  bat  ifeood  flw  wwlfaer."  * 

I  think  I  ham  mam  liMywii  that  Mr.  GoodnhiH  m  mlitaWn  abool 
the  comfMiitm  ntes  al  vliidi  limMtoac^  MBdrtme^  and  diale  an 
denuded  under  pmclj  atBO^Iieiic  eonditinM,  md  that  die  order  ii 
the  same  for  lam  and  firort  aa  lliat  hegmafior  medbanieal  enmaa  in 
a  stream,  Tis. :  ''Shale  goea  ftatert;  next  to  thia  ooaaa  die  thnmnw 
be*ided  nudafeonea ;  and  kmgcat  of  all  in  being  worn  away  are  the 
b;:<ckv  sandstonea  and  the  purer  kinds  ai  limeetone  **  (p.  327).  I 
think' that  some  of  the  hard  blockj  nndatonea  of  theae  dalea  woidd 
stand  out  longer  against  atmospheric  denudation  than  evea  the 
hardest  limeatooe. 

I  do  not  see  that  the  regnUr  form  of  the  acarsud  their  pHrallelism 
to  ethers  abore  and  below  is  a  special  difficoltr  for  sabaerialista,  for 
however  first  formed,  they  would  be  pretty  evenly  cat  back  all  along 
by  rain  and  frost,  as  mentioned  by  Messrs.  Bonney  and  (xreenwood, 
and  so  roughly  preaerre  their  parallelism  to  the  stream  and  to  one 
another.  And  if  we  soj^KMe  the  scars  had  no  pre-glicial  existenoe, 
the  beds  which  now  form  scars  must  hsTo  outcropped  along  the 
sides  of  the  valleys  pretty  regularly  and  roughly  parallel  to  each 
other,  unless  it  is  supposed  that  the  ioe  acted  on  a  set  df  very  irre- 
gular outcrops  and  denuded  some  very  much  more  than  others,  in 
order  to  produce  the  parallelism  we  see — a  supposition  which  seems 
very  unlikely ;  so  that  the  parallelism  of  the  scars,  if  they  have  been 
formed  by  ice-action,  is  not  direetly  due  to  such  action. 

Nor  does  the  correspondence  of  the  scars  on  one  side  of  a  dale 
with  those  on  the  other  present  any  special  difficulty.  Where  the 
valley  is  pretty  straight,  we  should  expect  the  scars  to  be  roughly 
straight  on  boUi  sides ;  where  there  is  a  curve  in  the  valley,  we 
should  expect  the  outlines  to  be  concave  on  one  side  and  convex  on 
the  other.    But  the  curves  of  (he  valley  as  a  whole  may  not  exactly 

>  Geol.  Mao.  Vol.  IV.  p.  7. 

*  Oeolo^cal  Report  on  Cornwall  and  DeTon,  p.  490. 

*  Phji.  OeoL  and  G«og.  of  Oreat  Britain,  thud  ed.,  pp.  316,  317. 
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carmpood  to  those  of  the  present  streoin,  t'c- those  who  hold  tlmt 
flte  river  formed  ifs  %-ailej  cannot  suppose  that-  it  always  run  exactly 
tlmg  its  present  tine. 

"Hie  general  absence  on  these  liiiieHtone  terrfto6s  oF  much  debris 
&om  the  higher  ground  may  perhaps  be  explained-it>-thi8  way: — 
Tie  bed  immediately  above  tbe  limestone  is  shale,  genarally  foroiiDg 
tfJope  above  the  limestone  terrace,  and  the  decomposition'  of  this 
prodnoes  a  clay  pretty  easily  carried  off  in  minute  portiofls  by  heavy 
nins,  Tbat  we  do  not  find  much  of  this  on  the  terrace 'o(av  be 
owing  to  the  fact  tbat  the  clay  is  carried  down  with  the  rain  throtfgh 
the  numerous  joints  of  the  limestone.  I  remeniber  a  distlagflished 
geologist  once  remarkeii  to  me  on  the  comparative  freedom  Stota 
drift  of  Uroestone  area*  when  compared  with  areas  of  other  rocta-;; 
smUarly  situated.  May  not  drift  disappear  more  rapidly  from. 
limeetone  on  acconnt  of  the  eaay  passage  of  muddy  water  down- 
vards,  and  leave  but  a  few  scattered  boulders  here  and  there  to  pose 
■be  geolc^cal  surveyor  who  does  not  know  in  some  oases  if  he 
ikcnid  ooDsider  them  the  remains  of  &  drift  covering  or  the  remnants 
tf  beds  which  have  been  denuded  off  the  limestone?  Of  oouree  I 
Bay  admit  that  these  terraces  were  probably  swept  liare  of  loose 
nx±  by  tbe  ice-sheet,  and  yet  be  unable  to  accept  the  view  that  the 
terraces  themselves  were  formed  by  that  force. 

Seit  with  respect  to  the  general  weathering  of  the  terrace  and 
the  formation  of  Bwallow-boles.  We  are  told  that  the  limestone  of 
the  terrace  ia  uniformly  weathered  (p.  324) ;  that  the  part  nearest 
the  marginal  scar  usually  exhibits  no  greater  amount  of  weathering 
than  does  tbe  innermost  part  cloao  to  wbero  the  next  bed  above 
comeB  on  (p.  359).  I  do  not  think  I  have  ever  seen  the  whole 
known  thickness  of  a  limestone  bed  in  one  of  the  scars  unless  where 
the  shale  bed  oarae  on  immediately  above,  so  tbat  there  was  no  percep- 
tible terrace.  Where  the  terrace  is  wide,  there  is  generally  nothing 
like  the  whole  thiokness  to  be  got  near  the  marginal  scar ;  so  that  if 
thit  part  ia  not  more  weathered,  at  least  it  has  been  more  denuded 
ttan  the  part  nearer  the  inner  margin  of  tbe  terrace. 

Mr.  Goodcbild  supposes  that  by  Glacial  Erosion  all  swallow-holes 
were  reuwved  from  tbe  low  ground,  while  many  were  loft  on  the 
Mgh  ground.  I  tjiink  another  explanation  may  be  given  of  the 
fewnf-ss  of  swallow-holes  on  tlie  low  liiiw^timo  terraces.  It  ia  well 
kiwwa  tbat  ordinary  r^iu  wttt«r  hut  but  a  sli^^ht  dis^olviug  power  oa 
bmestone,  which  is  much  increased  if  the  water  posses  through  peat 
or  other  decaying  vegetation,  and  thus  absorbs  much  carbonic  acid.' 
^ow  there  is  little  or  no  peat  on  the  low  ground,  while  there  is 
abundance  on  the  high  ground,  much  of  the  surface  of  tbe  highest 
limeatone  terraces  being  covered  with  it ;  and  I  can  testify  that  the 
peat-covered  limestone  baa  swallow-holes  sown  broadcast  over  it, 
ind  that  they  are  not  confined  to  the  inner  margin  of  the  terrace  in 
sDch  casee.  Host  of  these  swallow-holes  could  not  have  been  formed 
by  streams,  bat  by  the  dissolving  action  of  the  water  that  drains 
from  a  limited  area  like  those  mentioned  by  Ur.  Bonney.* 
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According  to  ])|tr.*:.Ok>odchild,  rabaerial  denudatioD  in  fonaiiig 
swallow-holes  by&Q  action  of  streams  should  give  rise  to  a  ■arifls 
of  ravines  exte!Ldlag  across  the  whole  width  of  the  tenaoe  (p.  359)i 
and  as  on  ih^l^h* ground  "aoonsiderable  portion  of  the  pre-^LsoiiUj 
weathered  nKA£'>as  left "  (p.  361),  we  ought  there  to  fina  the  lemaiaa 
of  such  raTia^  Yet  it  is  true  enough,  as  he  says,  th^  are  Texj  ran. 
I  know -of  one  in  Arkindale,  about  150  yards  long,  whioh,  howeTerg 
does  not'^tretoh  all  across  the  outcrop  of  limestone.  It  is  mors 
comiiiph.to  find,  beyond  the  place  where  a  stream  now  sinkSy  an 
iri«^oliCr  line  of  swallow-holes;  which  shows  that  the  stioaw 
g^TObally  finds  some  place  to  sink  in,  higher  up  in  its  course^  befon 
'^^•can  out  its  way  baok.  Thus  a  new  swallow-hole  is  formed  and 
.the  old  one  is  disused ;  and  if  we  are  only  granted  a  small  portion 
'  6i  the  enormous  dissolving  power  of  rain  on  limestone  rooks  daimed 
by  Mr.  Gk)odchild,  the  swallow-holes  may  disappear  by  geneial 
waste  of  the  surface  ere  the  soar  is  cut  baok  to  them. 

The  argument  against  the  fluvial  origin  of  these  rook  ledges, 
*'  that  many  of  them  are  situated  a  thousand  feet  above  any  stream 
that  could  possibly  have  produoed  them  "  (pp.  324,  328,  359),  seems 
to  me  to  tell  against  their  glacial  origin ;  for  die  highest  of  the 
principal  limestone  terraces^  that  formed  by  the  Main  Limestone — is 
generally  the  largest  of  any,  and  its  scar  the  most  continuous,  while 
it  is  situated  at  a  height  where  the  ice  could  have  little  abrading 
power,  and  where,  in  Mr.  Qoodohild*s  opinion,  "a  considerable  portion 
of  the  pre-glacially  weathered  rock  was  left "  (p.  361) ;  therefore 
this  terrace  should  be  much  less  perfect  than  the  lower  ones. 

I  do  not  see  why  a  great  part  of  many  of  these  rock  terraces  may 
not  have  had  a  fluvial  origin.  Over  the  greater  part  of  the  dis- 
trict the  rocks  are  only  very  slightly  inclined  from  the  horizontal ; 
and  when  the  valleys  began  to  be  formed,  tlie  slope  of  the  ground 
and  dip  of  the  beds  very  nearly  coincided,  so  that  a  river  must  have 
run  for  long  distances  on  the  same  bed.  And  pace  Mr.  Gtoodchild, 
streams  generally  in  these  Yorkshire  Dales  do  not  now  out  down 
rocks  to  one  level,  as  the  sea  does  (p.  356) ;  and  as  it  would  '<  be 
difficult  to  find  one  of  the  Dale  District  terraces  that  is  not  more  or 
less  inclined,"  so  it  would  be  difficult  to  find  in  the  same  district  any 
considerable  length  of  river  cliff  that  is  shorn  off  to  one  level. 
Of  course  I  do  not  suppose  that  a  river  oould  form  such  soars  and 
teiTaces  as  those  near  Carperby  (p.  327) ;  nor  do  I  see  how  they  oould 
have  been  formed  by  Glacial  Erosion,  for  it  is  admitted  that  "  where 
the  ice  moved  across  the  outcrops  of  the  beds,  the  soars  and  terraces 
are  either  slightly  developed  or  else  are  wanting  altogether"  (p.  486) ; 
and  I  do  not  think  the  ice  would  have  gone  out  of  its  straight  path 
in  order  to  coast  the  outcrops  here.  There  are  several  other  ex- 
amples of  lines  of  scars  and  terraces  in  these  dales,  in  steeply  dipping 
rocks,  that  could  not  have  been  formed  by  the  action  of  streams;  nor 
by  erosive  action  of  ice,  unless  it  formed  scars  when  cutting  across 
the  edges  of  the  beds ;  hence  one  is  forced  to  look  elsewhere  for  the 
origin  of  such. 

In  modern  ravines,  such  as  those  Mr.  Ooodchild  has  so  well  de- 
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IrrHwd,  where  sevvml  feet  of  shale  tire  interposed  between  two  hard 
Mi  of  limestone  or  sandatone,  forming  two  waterfalls  pretty  close 
Iqgetiier,  we  of(«n  find  that  some  distance  below  tLe  lowest  waterfall 
Aen  »x&  two  separate  scars  with  a  little  termoe  between  them. 
Bow  has  this  been  formed  ?  Clearly  not  by  the  stream  alone,  for 
it  DMst  likely  did  not  ran  at  all  where  we  now  see  the  little  ten'ace 
n  alher  side ;  bnt  the  upper  hard  bed,  having  been  exposed  longest 
to  rahaerial  action,  is  worn  back  further  than  the  lower  one,  while 
fe  soft  shale  between,  being  worn  away  faster  than  either,  has  left  a 
lenace.  Again,  where  a  hard  bed  dipping  at  a  high  angle  crosses 
x)\avs  of  a  Gtream,  we  see  that  atmospheric  denndation  has  so 
■ted  OD  the  banks  of  the  beck  as  to  leave  tbe  hard  bed  in  relief  as 
>  ridge,  the  npper  slope  of  which,  from  the  weathering  away  of  the 
Mfl  bed  aboTe,  tends  to  coincide  with  the  dip,  and  thus  is  formed  a 
lemoe  sloping  at  a  considerable  angle  from  the  horizontal.  These 
uamples  show  how  scars  and  terraoes  may  be  initiated  by  subaerial 
denndatiou.  Thus  the  fact  tbat  "  where  the  rocks  are  much  disturbed, 
tfce  cbaract43riatio  terraces  usually  keep  to  the  same  bed  through  all 
tt«  rariatioDS  of  position  and  inclination  "  (pp.  324,  328),  is  iu  my 

'tm  in  favonr  of  their  beii^  in  tbe  main  the  work  of  rain  and  frost, 

d  against  their  being  fonned  by  erosion  of  ice,  which  could  not  act 
equidly  on  the  same  bed  in  all  positions. 

I  have,  I  think,  before  shown  that  limestone,  as  a  rule,  is  not 
nuire  easily  weathered  than  the  sandstones  and  shales  with  which 
it  is  associated  ;  and  as  it  is  by  far  the  most  important  rook  (p.  324), 
anil  forms  the  thickest  and  most  masBive  beds  (and  according  fo 
ri;;.  v;..vv  ;;i  lui.illy  the  hardest),  wo  need  not  be  surprised  tha.t  the 
•     ■  !  'v  It  lire  usually  more  perfect  than  those  of  the  sand- 

iiuucs.  Ui  vuLiiso  there  are  exceptions  to  this  rule.  The  aandatones 
ire  generally  laminated,  and  do  not  form  thick  beds  ;  but  where  it 
h^pens  that  a  thin  limestone  is  superimposed  on  a  thick  hard  bed 
of  sandstone,  as  near  Preston  in  Wensleydale,  the  limestone  and 
tandatone  in  places  form  separate  features,  the  sandstone  being  most 
prominent.  It  seems  strange  that  in  these  articles  so  much  is  said 
about  springs  and  streams,  which  can  only  act  along  lines,  and  so  little 
about  rain  and  frost,  whose  action  ie  universal.  (See  Greenwood's 
"  Bain  and  Bivers,"  and  Lyell's  "  Principles.") 

It  is  nonecessary  for  me  to  show  how  scars  once  formed  will 
recede  as  the  result  of  these  agencies.  Their  effects  have  been  well 
shown  by  many  geologists,  of  which  a  pretty  full  list  is  given  in  Mr. 
Whitaker'a  admirable  paper  (Gbol.  Mao.  Vol.  IV.  pp.  448—450). 

That  there  was  extensive  denudation  during  the  Glacial  Period  all 
must  admit ;  and  that  tbe  ice-sheet  would  sweep  away  loose  surface 
dehri*,  and  here  and  there  a  talus  temporarily  accumulated  at  the 
base  of  a  scar,'  is  not  hard  to  see ;  and  it  may  have  partially  stripped 
of  shale  some  of  the  terraces.    But  if  it  had  worn  back  or  formed  the 

'  It  is  powible  that  s  acar  of  limestone  or  aandstons,  howATer  flret  origiaated,  ma; 
in  certain  ritnations  accnmnlate  debrii  faster  than  niltaerial  agencies  can  remove  it, 
•id  that  old  pre-elacial  tears  were  uncovered  by  glacial  erosion.  On  the  otfaer  hand, 
a>  one  of  the  results  of  the  Glacial  Period,  ne  tiave,  as  seen  in  railvav  catting,  old 
scan  ooverad  up  bj  ^Isftal  drilt,  md  being  gradual];  imcovered  b;  ram  Ka&  nttn- 
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Kvn    w«n    fiwmed   bj 

erosion,  bat  tbeir 

strangl;  agMint  tfw  theotj.    Tlw 

Shap  gnnils  of  Wutdale  Cng 

being  nearij  expoand  on  M  udem 

ma;  have  bad  r  laigo'  qnutitj 

of  wefttbered  and  Ioosb  rode  in  ° 

proportion  to  iia  mnt  thn  vunj 

otber  district,  and  it  aeems  to 

have  Iain  ia  the  path  of  the  leo- 

sheet  tint  went  over  Stunmore, 

eo  it  may  have  anfiered  greater 

denadation.    m»  old  pn-glacial 

allnvia  and  liTer-^isTBls  of  tbesa 

Dales  most  have  all  been  iwept 

away,  and  haTeh  elped  to  swell  oontjdi 

ablj  the  maas  of  glacaal  drift.     Hie;  id 

have  been  much  nuM^e  extenaiTe  than  tboso 

now  existing  (aome  of  the  prearat  gravel 

torraces  are  TOft.  to  80ft.  aboTe  the  rivt^r), 

and  maj  have  rivalled  in  height  above  the 

eireams  those  of  the  Weald  as  deooiibed  by 

Uessrs.  Foster  and  Topley. 

Suppose  we  attempt  to  restore  the  jire- 
glacial  form  of  the  ground  in  these  valleys 
according  to  Ur.  Qoodchild,  in  order  to  get 
at  the  TooduB  operandi  of  gla^al  erosioa  ia 
forming  the  soars  and  terraoea.  As  there 
were  none  of  these,  either  of  limestone  or 
sandstone  (p.  362),  eooh  side  of  the  valley 
must  have  had  a  pretty  regular  slope  some- 
what like  that  of  the  light  straight  line  A 
the  accompanying  Figure  (Fig.  2),  and 
this  surface  the  different  beds  of  limestone  (a), 
sandstone  (e),  and  shale  (6),  ont-oropped. 

Now  let  ua  add  the  thick  irreguiaT  terraced 
line  to  represent  approiimately  the  pn 
line  of  the  ground,  and  we  are  prepareil  to  eee 
what  rocks  were  removed  by  glacial  erosion.  It 
must  be  nnderstood  that  ttiis  is  a  generalizeil 
section,  certain  sandstones  in  the  shales  which 
occasionally  fonn  minor  scarps  being  omitted. 
Now  we  see  at  once  that  great  thicknesses  of  hard 
sandstone  and  limestone  have  been  removed, 
I(>nving  the  shale  next  below  only  partially 
denuded.  It  seems  more  likely  that  ioo  would 
have  out  further  down  in  the  shale,  even  to  the 
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next  bard  bed,  thus  making  tlie  terrace  of  ]imeatone  below  eitond 
light  np  to  the  face  of  the  scar,  which  would  be  formed  not  only  by 
the  limestone  and  sandstone,  but  also  by  the  shale,  the  whole  of 
which  would  be  in  the  base  of  the  aoitr. 

If  the  Glacial  Eroeion  theory  of  the  origin  of  these  lock-termces 
t>  the  true  one,  we  ought  to  find  similar  features  in  districts  where 
glaciers  now  abound,  and  we  should  find  them  especially  well  marked 
where  a  glacier  ta  known  to  have  recently  retreated  up  its  valley. 
I  cannot  find  that  any  of  our  noted  glacialists  have  remarked  on 
Kcb  featnres.  We  r^td  much  of  roehei  moulotmieg,  and  tnamillated, 
nnoathed  and  rounded  surfaces,  but  nothing  of  straight  lines  of 
K*n  and  Sat  terraces.  Prof.  Ramsay  says,  "The  rooks  in  the  valley 
over  which  it  slides  become  smoothed  and  polished — not  flatly,  but 
m  flowing  lines."'  Hence  the  sharp  ed^es  of  the  scars  and  the 
flatnese  of  the  terraces  in  the  Yorkshire  Dales  tell  against  the  Glacial 
EnmoQ  theory. 

Features  similar  to  those  described  so  often  above  can  ho  formed 
irithout  the  help  of  glacial  erosion,  for  they  are  found  in  parts  of  the 
woiid  ^vhere  there  are  no  traces  of  glacial  action.  It  has  been  well 
■id  by  one  in  replying  to  somewhat  similar  tiowb  of  glacial  eroaioa 
tdvanced  by  the  Eev.  0.  Fisher  and  Mr.  Mackintosh  in  former  nura- 
ben  of  this  M-iQiZisE : — "  It  is  unwise  to  accept  agencies  of  limited 
ippltcabilitT  to  explain  universally  occurring  phenomena  when  we 
have  agenciee  everyiehere  active,  and  which  are  believed,  gioen  giifficitnt 
imt,  to  be  equal  to  the  work  performed."  ° 

I  had  intended  oriticising  the  paper  on  "Coums,  Corries,  or 
Cin^uea,"  but  this  article  has  already  run  to  great  length,  so  I  re- 
frain from  doing  so  here.  My  purpose  is  served  if  I  have  shown 
that  the  argument  in  favour  of  the  origin  of  these  characteristic 
features  of  the  Yorkshire  Dales  by  Glacial  Erosion  is  not  nearly  so 
strong  as  it  has  been  represented,  and  that  ordinary  Subaerial  Denu- 
dAtion  does  not  "  foil  completely"  to  account  for  them. 


II. — Os  CarrAOEOES  Gastibopoda. — Family  Scalidx. 

By  J.  Btabeie  G«BDHBa,  F.Q.S. 

(PLATES  HI  and  rv.) 

[OoritiTaui  from  tht  FihTuery  Sun^tr,  pagt  78.) 
Scalakia  Clmebntina,  Mich.  Gault.  Plate  IV.  Figs.  1,  2,  3,  4. 
Shell  very  elongated,  angle  less  than  10°,  composed  of  eighteen 
or  possibly  more  elevated,  squareish  whorls,  which  slightly  diminish 
in  convexity  in  descending  the  spire;  apex  acuminate  (Plate  IV. 
Fig.  4)  ;  ribs  ten  or  eleven,  straight  or  slightly  sinuous,  linear 
near  the  apes,  but  beooming  more  prominent  and  obtuse  with  the 
growth  of  the  shell,  the  intervening  spaces  nearly  flat.  The  riba,  in 
common  with  those  of  other  Cretaceous  Scalidie,  are  never  so  clean 
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and  sharp  as  in  the  iBoml  spedea,  but  have  more  the  appearanoe  of 
folds.  In  aome  of  the  kiger  apecunena  the  riba  diaappear  altogether 
on  the  laat  three  or  four  whoria,  and  are  repreaented  only  by  more  or 
less  strongly  marked  linea  (Plate  lY.  Fig.  1).  The  atrin  are  fine  and 
namerons  (Plate  lY.  Fig.  la),  fifty  or  aixty  on  eaoh  whorL  Hie 
sntures  are  Tory  diatinot,  the  margina  of  the  whorla  being  naoally 
raised  into  a  roU-like  collar.  Thia  oollar  appears  on  the  laat  whoil 
in  the  form  of  a  ocmspicnons  ^iral  keel,  against  whioh  the  riba  termp 
inate,  leaving  the  baae  of  the  whorl,  which  is  very  flat,  maiked 
with  striaa  and  linea  of  gprowth  only.  The  i^pertore  is  oval  or  quad- 
rate, and  in  the  perfect  atate  waa  probably  terminated  anteriorly  in  a 
sort  of  beak  (Plate  IV.  Figs.  2  and  8)  ;  lips  thin ;  oolomella  amooth. 
The  cast  of  the  shell  generally  preaervee  the  rib  marks,  except  near 
the  apex,  where  the  whorla  are  smooth  and  very  rounded. 

This  and  Sealaria  Ihifimana  are  the  most  charaoteriatic  and  easily 
recognized  of  the  Cretaoeons  Scalariaa.  It  waa  first  desoribed  and 
figured  by  Michelin  aa  Jfeloaepm  (7l0M«ii<tiia  in  1883 ;  redeaoribed 
by  d'Orbigny  as  Sealaria^  and  figured  in  the  PaL  IVaa^.,  1842; 
figured  b^  Chenu  in  the  Man.  de  Conchy liologie,  and  by  PicL  &  Gamp^ 
Terr.  Cret  The  speciea  ia  very  distinct,  and  there  are  fortunately  no 
synonyms.  It  is  mentioned  by  many  authors  from  numerous  locali- 
ties in  France  and  Switserland,  etc.,  and  it  must  be  consideied  to 
have  had  a  wide  range. 

I  have  had  an  opportunity  of  examining  the  original  of  d'Orbigny't 
figure  in  the  Pal.  Fran^.  at  the  Eoole  des  Mines,  and  find  that  Uie 
drawing  represents  the  whorls  more  convex  and  inflated  than  they 
actually  are,  and  the  aperture  is  a  restoration.  Dr.  Ohenu's  figure  is 
copied  from  this  engraving.  Pictet's  figure  is  more  truthful,  but  is 
taken  from  a  very  indifferent  specimen. 

This  species  departs  in  its  character  perhaps  more  widely  than  any 
other,  from  the  typical  Scalariss,  and  also  presents  a  peculiar  instance 
of  the  power  of  Uie  animal  to  secarete  the  ornamentation  of  its  shell 
becoming  enfeebled  with  age. 

This  species  is  essentially  characteristic  of  the  Ganlt,  and  is  found 
at  Folkestone,  Lyme  Begis,  etc.  The  figured  specimens  are  in  my 
collection. 

Sc.  DupiNiANA,  d'Orb.     Gault     Plate  IV.  Figs.  5  and  6. 

Shell  elongated ;  angle  23°  to  25°,  with  fifteen  or  more  rounded 
and  inflated  whorls ;  ribs  coarse,  obtuse,  fold-like,  generally  num- 
bering about  twelve,  but  on  the  last  whorls  of  larger  specimens  as 
many  as  eighteen,  though  then  less  prominent,  as  if  effaced  by  age. 
Striro  regular,  or  alternately  preponderating,  more  or  less  deeply 
marked  and  very  variable  in  number,  there  being  from  twenty  to 
thirty  on  corresponding  whorls  of  equal-sized  specimens  (Plate  IV. 
Figs.  5a,  5h) .  The  spiral  keel  appears  on  the  last  whorl,  against  which 
the  ribbing  abruptly  terminates.  This  keel  is  represented  in  the 
spire  by  a  smooth  sutural  region,  which  is,  however,  sometimes 
overlapped.  The  basal  or  columellar  region  is  marked  by  concentric 
stnio  and   by  lines  of  growth.     The  mouth  appears  to  have  been 
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mrly  round,  and  tlie  lips  not  thickened ;  but «  Rpecimen  witii  the 
(peTtare  satisfactorily  pr&served  is  still  a  desiUemtuin. 

In  its  yoang  state  the  thell  presents  a  somewhat  different  aspect, 
ud  the  first  eight  whorls,  which  may  he  coneidered  apical,  havo  but 
kthh  or  eight  ribs,  which  are  very  salient  and  sharply  defined,  and 
with  smooth  iuterrak ;  at  least,  the  strisi  can  only  lie  detected  witli 
tbc  aid  of  a  microscope  (Plate  IV.  Fg.  6).  The  strite  appear  on  the 
aterior  part  of  the  eighth  and  extend  over  the  whole  of  the  snoceed- 
iig  whorls.  The  cast  preswvea  the  form  cif  the  ribs,  but  is  other- 
™e  smooth  ;  the  whorle  appear  very  inflated  and  separated  by  very 
J»p  sntores. 

This  shell  wM  firat  described  and  figured  by  d'Orbigny,  1842,  in 
the  Pal.  Ft.  Terr.  Crct,  vol.  ii.  p.  154,  and  again  by  Pict.  &  Rous, 
IS49.  The  original  of  d'Orbigny's  figure  is  now  in  the  Ecole  des 
)[in«s ;  the  mouth  i<  very  imperfect,  and  has  evidently  been  restored 
in  the  drawing.  It  occvrs  constantly  in  lists  of  Gault  fossils,  and 
IfpeaTB  to  have  a  wide  range  in  Franc«  and  Switzerland. 

iQ  England  it  is  characteristic  of  the  Gault  and  Upper  Green- 
wod.  it  being  abandant  both  at  Lyme  Regis  and  Folkestone. 
SpwimeoB  are  in  the  British  Museum  from  Devi/.i-a,  and  a  fine  es- 
■mple  of  the  young  st«t«  of  this  shell,  from  Blackdown,  is  figured 
(Plate  III.  Pig.  15),  whence,  however,  no  full  grown  specimens  have 
been  obtained.  No  species  of  true  Scalaria  has  hitherto  been  found 
ia  the  Cambridgeshire  district  Most  of  the  Lower  Qreensand  local- 
ities cited  probably  refer  to  other  species.  These  are  described 
farther  on,  Scala  ShutanweMti.  Stoliczka,  of  the  Pal.  Indica,  is  prob- 
iblj  this  species,  the  only  difference  noticed  being  a  supposed 
coarser  striation.  Se.  oruaia,  a  Cretaceous  form  from  South  Africa, 
tlso  cannot  be  distinguished  from  this. 

This  and  the  various  allied  species  are  eminently  characteristic  of 
the  Cretaceous  age,  and  would  alone  serve  to  determine  rocks  of  this 
age  in  any  part  of  Europe. 

Sc.  CANALicDLATA,  d'Orb.     Neocomian.     Plate  III,  Figs.  5,  6. 

Shell  elongated,  angle  16°;  whorls  numerous,  rounded  and  in- 
flated ;  ribs  seventeen,  well  defined  and  regular,  salient  and  rounded, 
nearly  parallel  with  the  axis ;  atria;  very  fine  and  even,  seen, 
when  strongly  magnified,  to  be  crossed  by  fainter  transverse  lines 
[Plate  III.  Fig.  5a);  sutui'es  distinct  and  slightly  keeled;  the  last 
whorl  with  the  usual  roll-like  collar'  round  the  umbilical  region, 
which  is  more  distinctly  and  deeply  striated,  and  is  also  marked  by 
lines  of  growth.  What  has  the  appearance  of  being  the  mouth  is 
ovate  and  the  lips  thin.  The  oast  is  smooth,  but  with  traces  of  the 
ribs  preserved. 

A  second  specimen  has  the  whorls  slightly  more  depressed  than  is 
represented  in  Fig.  S,  has  rather  stronger  ribs,  fourteen  in  number, 
and  18  without  atris. 

<rm  coUu  for  tbe  keel  on  the  basal  whorl,  agunal  which  the  ribs 


108  J,  SiaHtie  Gwrdmer — CreiaeeouB  Chdercpoda. 

It  was  lint  danibed  hj  d'Oibigiiy  in  flie  Pd  Fnm^  Terr.  OOL 
(p.  50,  pL  154y  figs.  1  to  3).  Althou^  of  modi  luger  dimePBiont 
than  the  shell  originally  deacribed  bj  d'Qriky  the  ^iial  angle,  tiie 
namber  and  appeannoe  of  the  xibe,  and  a  alight  ctepreaaion  ondar 
the  basal  keel,  named  bj  him  the  oanal,  aie  pointa  of  reaemUanoa 
that  cannot  be  mistaken. 

The  specimen  figured  and  the  other  above  r^ened  to  are  from  tiie 
Cracker  rodu  of  Atherfieldt  Isle  of  Wight,  and  are  in  the  Gteologioal 
Museum,  Jermyn  Street.  The  amaller  specimen,  Fig.  6,  waa  fonnd 
by  Mr.  Meyer  at  the  baae  of  the  Folkeatone  bedi,  Shanklin. 

Sc.  ncHTu\  J.  &  6.    Lower  Greensand    Plate  IDL  Fig.  7. 

Shell  ekmgatedy  angle  abont  24**;  idiorls  nnmexoos,  unegnlarly 
inflated,  thoae  near  the  apex  being  moat  elongated ;  xiba  twelve  or 
thirteen,  roimded,  coarse,  irregnlar,  aometimea  nodoae  and  flexooos; 
striffi  raised  and  very  evm,  with  the  intervals  diatincdy  transverBefy 
ribbed;  sutures  distinct  and  keeled,  the  keel  becoming  visible  as 
usual  upon  the  last  whorl  in  the  form  of  a  romided  collar ;  oolameUar 
region  marked  with  numerous  lines  of  growth ;  mouth  ovate.  Osst 
smooth  with  slightly  marked  ribs. 

From  the  Lower  Oreensand  of  Shanklin,  described  from  an  uniqns 
specimen  in  the  ^itish  Museum. 

Sc.  Cbuoiana,'    Pict  k  Camp.    Neocomian.      Plate  UL  i^gs.  8,  9. 

Shell  elongated,  angle  18^,  whorls  inflated  and  rounded;  ribs 
twelve  to  fourteen,  oblique,  obtuse,  extending  to  the  sutures,  more 
salient  and  fewer  on  the  smaller  whorls ;  striae  numerous  and  fine ; 
sutures  distinct;  last  whorl  keeled,  basal  region  smooth;  mouth 
ovate. 

Figured  and  described  by  Pict  &  Camp.,  Terr.  Cr6t.  de  Ste.-Croix. 
pi.  Ixxii.  figs.  8,  9.  The  umbilical  region,  as  described  by  them, 
p.  329,  appears  to  be  strongly  striated,  and  to  be  marked  with  lines 
of  growth  ;  the  smoothness  of  our  specimens  may,  however,  be  the 
result  of  less  perfect  preservation.  The  ribs  are  also  slightly  more 
oblique  than  is  represented  by  Pictet  and  Campiche. 

The  specimens  figged  are  from  the  collection  of  Mr.  Meyer,  and 
were  obtained  by  Imn  in  the  Lower  Greensand  of  East  Shalford. 

Sc.  FiTTONi,  J.  S.  G.    Upper  Greensand,  Blackdown. 

Plate  ni.  Figs.  10,  11. 

Shell  elongated,  angle  20^  to  26° ;  whorls  seven  to  nine,  more  or 
less  inflated ;  ribs  twelve  to  fourteen,  rather  coarse,  prominent  and 
rounded  ;  staisB  numerous,  regular,  well  defined,  with  narrow  inter- 
vals (Figs.  10a,  10c)  sometimes  alternately  preponderating  (Fig.  106) ; 
mouth  ovate  or  rounded.  The  last  whorl  is  keeled,  but  not  so 
strongly  as  in  the  other  species  now  described ;  the  keel  is  crossed 
by  the  ribs  near  the  columella ;  the  basal  region  is  strongly  striated. 

This  is  the  most  abundant  of  the  Scalariae  met  with  at  Blackdown, 
and  I  have  therefore  been  able  to  examine  a  rather  large  series  of 

'  i^X^'t  9^^*  '  Ste.-Croix,  Sancta  Omcis. 
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pedmens,  and  have  arriTed  at  the  conclusion  that  notwithxtanding 
ae  rarying  convexity  of  the  wliorls  aud  number  of  ribs  in  different 
Wis,  all  the  more  coarsely -ribbed  and  etriatod  forms  met  with  iu 
liew  rooks  are  referable  to  a  single  species  which  has  hitherto  been 
onfoanded  with  Se-  Dup'miana.  It  tDa.y,  however,  readily  be  dia- 
ingcished  by  its  lesser  angle  and  higher  whorls,  by  the  closer 
.mngement  of  the  ribs,  finer  stris,  and  striated  apical  whorls.  It 
sirnncb  smaller  and  more  delicate  shell. 

The  original  from  which  Fig,  10  is  taken  is  in  the  British  Museum, 
ind  Fig.  11  in  the  Museum  of  the  Geological  Survey,  Jerniyn  Street. 

So.  ciJMASPtKA,'  J.  S.  G.     Upper  Greensand,  Blackdown. 
Plate  m.  Figs.  12  and  13. 

9iell  elongiated  and  very  delicately  tapering,  angle  25°;  whoria 
jeren.  convex:  and  inflated;  ribs  fifteen,  very  narrow,  salient  and 
iiMply  defined  ;  strite  numerous,  fine,  distinct  (Fig.  12a).  The  last 
rborl  posseeses  a  spiral  keel,  the  baeal  region  is  well  marked,  being 
i^«reatly  thickened  over  and  filling  in  the  ribs,  aud  is  beautifully 
eticnlated  by  transverse  and  spiral  lines.  The  principal  transverse 
intfl  are  coincident  with  the  ribs  ;  the  thickening  of  the  basal  region 
noat  have  occurred  after  the  ribs  were  formed,  obliterating  them 
ind  leaving  only  indications  of  the  lines  of  growth  visible.  Aper- 
are  ronnded. 

This  is  the  most  beautiful  and  delicate  of  all  the  fossil  Cretaceous 
xalariaa.  The  number  and  sharpness  of  the  ribs  and  convexity  of  the 
whorls  are  its  distingnishing  characters.  Fig.  12  was  formerly  in 
ha  collection  of  Dr.  Bowerbank,  and  is  now  in  the  British  Museum. 
Elg.  13  is  in  the  Bristol  Museum. 

ic.  FDLCBBA,  Sby.     Upper  Greensand,  Blackdown.     PI.  III.  Fig.  14. 

Shell  very  elongated  and  tapering;  angle  12°;  whorls  twelve,  mode- 
rately high  and  convex  ;  ribs  eleven,  distinct,  prominent,  rounded  ; 
itriai  very  fine  and  regular;  basal  keel  not  very  distinct,  and  crossed 
oy  the  ribs  ;  the  umbilical  region  is  thickened  and  somewhat  raised, 
Ji  the  manner  described  in  the  last  species.     Mouth  pear-shaped. 

This  shell  is  briefly  described  and  figured  by  Sowerby  in  the 
Plans.  Geol.  Soc  vol.  x.  2nd  ser.  p.  343,  and  is  not  unlike  Se. 
jracilit,  recent,  but  it  also  bears  a  strong  resemblance  to  some  of  the 
Citemnilzia,  especially  in  the  form  of  the  mouth.  It  ia  the  most 
.lender  of  all  the  Cretaceous  ScalitLs.  The  crossing  of  the  basal  keel 
}y  the  libs  is  also  an  interesting  feature. 

The  original  specimen  I  believe  to  be  unique,  and  I  am  indebted 
o  the  kindness  of  Mr.  Tawney,  F.G.S.,  of  the  Bristol  Museum,  for 
he  opportunity  of  examining  it. 

Sc.  c«aiTHioiDB8,  J.  8.  G.    Lower  Greensand.     PI.  III.  Fig.  16. 

Shell  elongated,  angle  21'';  whorls  numerous,  inflated,  depressed, 

but  becoming  more  elevated  near  the  apes  ;  ribs  thirteen  or  fourteen, 

prominent,  blunt  and  irregular,  intercostal  spaces  ill-defined ;  BUita 

'  xiuaai,  «  ladder. 
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few,  ooaTBOy  unevenly  distribntod  and  crosahig  the  ribsy  most  pro- 
nounced near  the  satores ;  last  idiorl  keeled,  poneasing  a  oompam- 
tively  smooth  tunbilioal  area,  marked  only  by  nz  or  seven  faint  strte 
and  still  less  visible  lines  of  growth;  month  obliquely  ovate,  ratfasr 
angulated,  Ups  not  visible  in  any  speoimen  yet  met  with,  probably 
thin. 

This  unique  shell  was  found  by  Mr.  Meyer  at  the  base  of  the 
Folkestone  beds,  Shanklin. 

Sg.  kalospira,  J.  S  G.    Lower  Greensand.    Plate  IIL  Fig.  17. 

Shell  veiy  elongated,  angle  about  12^;  whorls  numerous,  elevated, 
inflated ;  rios  ten,  irregular,  ooarse  and  prominent,  less  distinot  near 
the  sutures ;  intervals  ill-defined ;  striA  few  and  ooarse,  not  more 
than  seven;  last  whorl  resembling  that  of  8e,  cenihioidee  just 
described. 

The  ornamentation  of  this  and  the  preoeding  speoimen  is  striking^ 
similar,  and  it  is  possible  that  the  disoovery  of  a  greater  number  and 
more  perfect  specimens  may  link  them  together.  The  spiral  angle 
and  elevation  of  the  whorls  at  present  serve  to  distinguish  them. 
Both  species  bear  a  superficial  resemblance  to  some  of  the  Tertiary 
Cerithia. 

The  following  species  are  cancellated  and  may  be  classed  in 
Seeley's  sub-genus 

Funis. 

The  genus  Funis  was  based  by  Seeley  upon  a  not  uncommon 
turreted  shell,  from  the  Gault  of  Cambridge,  with  elongated  and 
cancellated  whorls,  and  was  thus  described  by  him  in  the  Annals  and 
Mag.  of  Nat.  Hist,  3rd  series,  April,  1861,  vol.  vii.  pi.  11,  p.  286 : 

*' Shell  thin,  spiral,  many- whorled,  elongated.  Columella  straight, 
scarcely  thicker  than  the  shell  of  the  whorls.  Edge  of  the  columella 
inflected  and  sharp ;  base  truncated  as  in  Achatina,  Mouth  ovate 
[shell  cancellated?].  Columellar  lip  reflected."  To  this  description 
may  be  added: — lips  thin,  without  trace  of  thickened  peristome; 
whorls  inflated ;  ornamented  with  transverse  laminar  ribbings  and 
with  spiral  striaB  producing  a  cancellated  surface ;  no  basal  keel  to 
last  whorl. 

There  are  a  number  of  Tertiary  and  recent  cancellated  Sealida, 
but  all  possessing  the  broadened  peristome.  Several  genera  have 
been  created  to  receive  them. 

Tlie  only  generic  characters  on  which  Funis  can  now  be  recognized 
as  a  distinct  genus  are  the  thin  shell,  inflated  whorls,  cancellated 
surface,  combined  with  thin  lips;  but  the  admission  of  the  latter 
character  as  of  generic  value  would  render  it  necessary  to  create 
new  genera  to  receiven  early  the  whole  of  the  Cretaceous  Scalida,  a 
step  that  we  are  hardly  prepared  to  take,  and  the  advisability  of 
which  would  be  open,  in  the  present  state  of  our  knowledge,  to 
much  doubt.  As  more  Cretaceous  forms,  however,  come  to  light,  I 
have  no  hesitation  in  saying  that  Fanis  will  prove  a  useful  generic 
name,  and  should  therefore  be  retained. 


J.  Siarkie  Gardner — Cretaceous  Oatteropoda.  Ill 

Seeley  baa  ileecnbed  two  apocies  from  the  Cambridge  Gtault  or 
woaond :  F.  tlimgaitu,  pi.  si.  %.  7,  and  ?  F.  brevii,  \>\,  si.  fig.  8, 
tbe  volume  above  referred  to. 

Tbt  Iatt«r  shell  is  io  all  probability  a  variety,  and  might  be  omitted 
ffl  fiiiure  lists  of  foaulB.  No  species  have  hitherto  been  added, 
r  have  I  »ecn  any  fossils  described  under  other  oames  whioh  oan 
reftrred  to  this  genue. 

Fritis  CBEBR1C03TATDS,  J.  S.  G.    Upper  Cholk,  Norfolk. 
Plate  UL  Kg.  18. 
Shell  elongated,  aagle  26°;  whorla  inflated  and  TDonded;  riba 
neroDS,  probably  twenty  to  twenty-five,  veiy  thin  and  ndieiit; 
in  exoeedin^y  rtrong  and  prominent,  about  one-third  olooor  to- 
her  than  are  the  rifaa,  whioh  they  oroae,  forming  nodes  at  the 
naectioDS ;  sutures  indistinot.     The  height  and  prominenoe  of  the 
'm,  whioh  is  nearly  as  great  as  that  of  the  ribs,  give  the  shell  a 
ieolalsd  appearance,  whilst  the  nodea  at  the  freqaeat  inteiseotions 
-a  it  a  rngose  aspect    There  are  very  faint  traces  of  ornamentation 
oerved  on  the  oast 
Hte  fragment  fignred  ia  in  my  oolleotion. 

Fusis  0AH0XIXATU8,  J.  S.  Q.  Qault  Plate  IV.  Fig.  7. 
^ell  turreted,  thin,  angle  23° ;  whorls  numerous,  very  inflated, 
th  eight  spiral  ridges  visible  on  each,  except  the  last,  whioh  pos- 
ses twelve.  The  spiral  ridges  ore  crossed  by  finer  transverse  ribs, 
lich  caucellata  the  surface,  leaving  a  slight  flattened  node  at  each 
ersectioD.  The  transverse  ribs  and  the  nodes  decrease  in  strength 
the  whorls  enlarge. 

This  shell  I  at  first  thought  might  prove  to  be  F.  brevii,  Seeley ; 
t  a  comparison  has  shown  them  to  be  quite  unlike,  the  omament- 
on  being  finer  and  far  more  regular.  It  is  not  unlike  Ceritkiitm 
lUerianum,  so  much  so,  that  there  is  a  specimen  placed  with  that 
Kries  in  d'Orbigny's  collection,  which  ia  undoubtedly  a  Funig,  and 
>bably  the  one  now  described. 

rhe  specimen  described  is  &om  the  Qault  of  Folkestone,  and  is 
my  collection. 

(Ve  now  come  to  a  small  group  of  shells  which  evidently  cannot 
placed  in  the  genus  Scalaria,  but  which  falls  naturally  into  a  genus 
Lstitnted  by  Philippi  under  the  name  of  Pyrgiseui,  since  united  with 
enmittia,  d'Orb.,  and  described  as  Turbonilla  by  Price  &  Adams. 
it  the  Cheranilzia  are  placed  in  the  Pi/ramideUulfB,  a  family  into 
lich  the  present  group  cannot  be  received  on  account  of  its  want  of 
lamellar  plaiu,  and  it  therefore  becomes  necessary  to  re-sepai'ate 
>m  and  restore  Pyrgigcue  as  a  generic  term.  The  resemblance  of 
irgitcut  to  tbe  forms  of  Scalaria  just  described  is  so  great  as  to 
'bid,  in  my  opinion,  tlie  possibility  of  placing  them  in  a  family  far 
moved,  and  1  therefore  think  we  are  justified  in  following  Desbayes' 
ample,  and  placing  Pyrgiaeu*  as  a  genus  of  the  family  of  Scalidce ; 
ithout,  however,  following  him  to   his  ably  argued  oonolusions 
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against  the  snbdiTision  of  the  family  of  7\ariiM%diB.  Briefly  stated, 
the  argament  is,  thatbeoauae  there  are  transitional  forms  in  the  older 
Tertiaries  betwiden  the  SedUdm  and  TurriUXUdm,  and  also  in  the 
recent  genus  Eglma^  the  fiamilies  oannot  be  divided ;  but  most  oon- 
chologusts  would  place  Eglitia  with  the  SeaUdm^  and  not,  as  Adams 
does,  in  the  TwrriieOidtB;  and  the  remainder  of  the  argument,  if  carried 
to  its  logical  condnsion,  and  if  it  were  adopted  by  workers  in  the 
older  rocks,  would  lead  to  the  re-union  of  nearly  d[l  the  fiamilies  of 
Gasteropoda. 

It  must  not  be  forgotten,  and  it  is  erident  that,  to  admit  the  new 
group,  the  description  of  Sealidm  must  be  slightly  modified;  the 
essential  character  of  the  orbicular  or  ovate  mouth  with  continuous 
border,  however,  remains. 

Ptboibous,  PhilippL 

Shell  elongated,  many-whorled,  ribbed ;  aperture  oblong  or  ovate, 
peristome  incomplete ;  columella  straight,  simple,  without  plaits  or 

teeth. 

Ptbgisous  Gaultinits,  J.  S.  G.    Gault^  Folkestone. 
Plate  lY.  Figs.  8,  9, 10. 

Shell  elongated,  thick,  angle  about  20° ;  whorls  ten,  flattened,  i^)ez 
rather  obtuse  (Plate  IV.  Fig.  9a),  with  slightly  ventricose  whorls; 
ribs  ten  to  twelve,  straight,  rounded,  prominent,  extending  quite  to 
the  sutures ;  striae  fine  and  regular,  seen  under  a  lens  to  be  crossed  by 
transverse  lines  (Fig.  96)  ;  sutures  distinct  Mouth  rounded,  a  little 
angular  and  somewhat  produced  in  front;  columella  straight;  no 
keel  on  the  last  whorl. 

l^is  shell,  which  has  hitherto  escaped  notice,  or  been  considered 
as  the  young  state,  or  a  variety  of  Se.  Clementina  or  Dupiniana,  is 
not  uncommon,  and  may  readily  be  distinguished  from  others  of  the 
Gault  by  its  flattened  whorls  and  obtuse  appearance.  The  large 
specimen  figured  is  from  the  collection  of  Mr.  Craven,  and  is  a 
magnificent  example,  and  of  most  unusual  dimensions;  the  smaller 
figures  are  from  fossils  in  my  collection. 

Pyrgisous  Woodwabdii,  J.  S.  G.    Upper  Greensand.    Blackdown. 

Plate  III.  Fig.  19. 

Shell  elongated,  angle  18^;  whorls  numerous,  flattened;  ribs 
fifteen,  angular,  prominent  and  slightly  bowed,  extending  quite  to 
the  sutures ;  strisB  fine  and  indistinct ;  mouth  pyriform  or  sub-quad- 
rate ;  lips  thin.  The  ribs  on  the  last  whorl  are  not  very  regular,  and 
become  attenuated  near  the  columella ;  there  is  no  spiral  keel. 

Described  from  an  unique  specimen,  lately  in  Dr.  Bowerbank's 
collection,  now  in  the  British  Museum.  I  have  named  it  after  the 
Editor  of  this  Magazine,  to  whose  courtesy  I  am  indebted  for  fre- 
quent opportunities  of  examining  the  extensive  collections  not  ex- 
posed at  the  British  Museum. 

Ptbgisous  tknuistbiatus,  Seeley. 
Described  as  Cerithium  ienuistriatum  in  the  Annals  and  Mag.  of 
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Sal  Hist,  for  1861,  toI.  vii.  pi.  11,  fig.  6.  The  form  of  the  apertare 
mi  ribbed  ornamentation  leave  no  doubt  as  to  its  proper  position 
being  in  this  group.  It  is  stated  to  be  very  rare,  and  from  the 
Mffen  Qreensand  of  Cambridge. 

Li&T  or  British  Fossil.  Scauds. 
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EXPLANATION  OF  PLATE  III. 

I,  J.  8.  G.;  U.  G.  S.,  BUokdowD.     BritJeh  HuMum. 

la. — Same  enlai^ed  twice. 

3,  3a.— id.     2  tiewB,  mttoral  aizo.     Hejei. 

i.—Sc.  Miyeri,  J.  8.  G. ;  L.  G.  8. 

4i. — id.     Another  specimen  enluged  to  ahov  omameDtatioa. 

S.^Se,  eaHaliailata,  d'Orb, ;  Neocomian.    Jsnnyn  Street. 

6a. — Portion  enlarged. 

6. — Small  ipecimen  of  aame.    Heyer. 

t.—Se.  iwhyra,  J.  S.  G. ;  L.  G.  S.    Bri^h  Hnsenm. 

7a. — Same  enlarged. 

8,  9.—Sc.  Cnteiana,  P.  ft  C. ;  Neocomian.     Meysr. 
Ifi.—Se.  Fxfoni,  i.  8.  G. ;  U.  G.  B.,  BUckdown.     British  Hneeum, 
11. — id.     Jenn^  Street. 
10a,  lOi,  lOc— 8sme  enlarged, 

12.— 5c.  elimaipira;  U.  0.  S.,  Blackdown.     Britilh  Uiueum. 
13. — -id.    Biistol  Hiuenm. 
12d.— id.    Enlarged. 

H.— Se.  puickrii,  Sbj. ;  U.  G.  8.,  Bkokdown.    Bristol  Musetun. 
\5.—Sf.  Dupiniana,  d'Orb. ;  Blackdown.    British  Moseom. 
16. — 8e.  eerilhioidt;i.S.  G.;  Neocomian.     MeTOi, 
17. — Se.  kalaipira,  J.  8.  G. ;  Neocomian.     Meyer. 
IB. — Funa  ertbrieottatM,  J.  S.  G. ;  Upper  Chalk.     Author. 
\9.~PifTgUau  Woedumrdii,  J.  S.  G. ;  U.  G.  8.,  Blackdown.    Britiih  Mtuenin. 
EXPLANATION  OF  PLATE  IV. 
).    1,  2,  3,  t.—Sealaria  Cltmtnlitm,  Mich. ;  Oaolt.    Author. 

la. — id.    Enlarged. 

e,  6. — Be.  Dupiniana,  D'Orb. ;  Ganlt.     Author. 
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Fio.    6«.— id.    ^Unged. 

7.— .Rmu  tmetUmhu^  J.  8.  G. ;  Goli.    AmAat. 

7«,7».— id.    Enlaiged. 

B.—r^ffUetu  Gmuitimu,  J.  8.  0. ;  Gtnlk    CcmvvB. 

9,  10.— id.    Gmnlt    Antiior. 

9m, — Apex  enlarged. 

9b. — Oraamentatum  cnliiged. 

11,  lU.Srmek^Miomm  mt^Omris^  Seder ;  Gaili.    Antiior. 
12, 13, 18«.— IUmoum  mMTto,  d*Orb. 
14,  14«,  16.*  ieMMUM  Sowm-hU,  J.  8.  6. 
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m. — Ok  thx  Classuication  ahd  Nombnolatubb  of  Books. 

By  O.  H.  KiXAHAv,  KJLXA.,  ate. 

IN  a  paper  on  the  above  sabjeot^  that  appeared  in  the  GsoLOOiOAt   • 
Magazine  for  Deoember,  1875  (p.  583) ,  the  author,  Mr.  8.  Allport»  . 
F.GnS.,  objeots  to  the  introduotion  of  additional  rook  nameii.     with  . 
this  observer  1  agree  that  there  are  many  ingenite  rook  names  which  \ 
it  would  be  satisfactory  to  get  rid  of;  seeing  many  varietiea  and  aab-  ! 
varieties  of  rocks  to  which  names  are  given  have  no  permanrat 
characters ;  while  in  numerous  cases  the  same  rook  is  called  by  diffiorent  , 
names.    Still,  as  a  geologist^  I  would  suggest,  that  in  some  oasei  \ 
new  names  are  absolutely  necessary,  if  we  would  impart  our  inoress- 
ing  knowledge  to  the  general  publio;  for  instance,  among  the 
granitic  rocks,  the  subject  that  has  led  to  Mr.  Allport's  remarks. 

The  granitic  rocks  at  the  present  time  are  in  a  state  of  confusion. 
Among  the  newer  granitic  rocks,  some  are  called  gpranites,  while 
others  have  been  classed  among  the  volcanic  rocks ;  besides,  some 
eminent  geologists  seem  to  be  of  opinion  that  all  granites  are  of 
metamorphic  origin,  while  others  suspect  they  are  all  intrusive. 

This  state  of  things  will  continue  until  these  rocks  are  grouped, 
not  only  in  accordance  with  their  origin,  but  sJso  in  relation  to 
their  geological  ages.  To  do  this  some  new  names  will  be  neces- 
sary ;  and  if  such  names  were  generally  adopted,  any  one  reading 
a  description  of  a  country  or  district  would  be  at  once  aware  what 
was  the  age  and  origin  of  the  different  rocks.  For  instance,  if 
Nevadite  was  the  universal  name  for  the  elvanites,  or  passage  rocks 
between  trachytes  and  normal  granite,  it  would  save  a  great  deal 
of  repetition  while  describing  many  igneous  districts.  Similarly 
with  granites  of  metamorphic  and  intrusive  origin:  if  they  had 
distinctive  names,  and  were  coloured  differently  on  the  geological 
maps,  there  would  not  be  the  confusion  that  at  present  exists. 

On  the  Geological  Maps  of  the  Geological  Survey  Prof.  Ramsay 
has  introduced  distinctive  colours  respectively  for  the  bedded  and 
intrusive  igneous  rocks,  so  that  now  the  maps  tell  their  own  tale; 
and  the  granitic  rocks  might  be  treated  similarly. 

As  1  have  pointed  out  in  another  place  (Handy  Book  of  Rock 
Names),  a  reform  is  very  necessary  in  rock  nomenclature.  This, 
however,  cannot  be  effected  by  one  individual  unless  he  be  a 
perfect  field  geologist,  mineralogist,  chemist,  and  microsoopist  To 
me,  therefore,  it  appears  that  it  ought  to  be  done  by  a  committee 
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•elected  from  pereons  eniaent  ia  these  different  pursuits.  The  classi- 
ficalioD  proposed  by  Mr.  Allport  might  do  for  Ltthologigta ;  but  it 
wtiald  not  do  for  Petrologists,  as  the  latt«r  find  in  the  field  that 
slicNUs  rocks  graduate  into  basic;  also  that  nearlj  inTftriably  eome 
portioae  of  a  dyke  or  felsite  will  bo  porphyritic ;  while  it  ia  rare  to 
find  a  felsite  that  is  not  quartzose ;  in  some  the  quarts  being  more 
conspicuous  than  in  others.' 

Mr-  Allport  states  that  he  has  "  shown  elsewhere  that  b&sio  rocks 
of  widely  separate  geolt^cal  periods  are  identical  in  composition 
cod  structura"  This  may  be,  to  his  own  satiafaotion,  but  not  to 
Alt  of  idl  chemists  and  microBOOpists ;  ae  Forbes  and  others  seem  to 
In  of  the  opinion  that  this  statenient  is  not  proven,  and  that  the 
bific  rocks  of  the  widely  separate  geological  periods  contain  different 
Uspsrs.  For  my  own  part,  in  the  field,  I  find  that,  after  a  perfect 
bicnvladge  of  the  rocks  is  ao^uired,  it  is  generally  poflsible  to  say 
to  what  geological  age  the  different  rocks  belong.  This  observer 
tiso  gives  what  ho  oonsiderB  two  fallacies  underlying  the  present 
•yslem  of  classification: — "  1st,  that  plutonic  rocka  baTo  not  been 
formed  in  connesion  with  true  volcanos ;  and,  3nd,  that  rocks  of 
different  geological  ages  are  chnracterized  by  a  difference  in  mineral 
oonstituiions."  Of  the  second  it  is  only  necessary  to  point  out,  that 
■p  to  the  present  tinte,  it  does  not  seem  to  have  been  proved  to  bo  a 
flkllacy.  The  firat  is  a  fallacy  in  a  certain  sense,  In  others  it  is  not. 
The  terms  Volcanic  and  Plutonio  have  been  need  loosely,  similarly 
to  all  other  rock  names.  Strictly  speaking,  Tolcanic  rocks  are  those 
formed  at  the  surface,  while  plutonic  rocks  were  formed  below  the 
forboe,  and  the  granitic  rocks  at  still  greater  depths ;  therefore  all 
volcanic  rooks  must  have  heeu  formed  in  eonnemon  with  plutonic 
and  granitic  rocks.  But  it  does  not  necessarily  fellow  that  all 
granitic  and  plutonic  rocks  must  have  been  formed  in  connexion 
with  volcanio  rocks ;  and  many  of  the  older  igneons  rocks  were 
iimpted  under  quite  different  circumstances  from  those  under  which 
volcanic  rooks  wore  and  are  erupted. 

As  pointed  out  by  Ijo  Gonte  and  others,  a  volcano  is  a  mere  flyblow 
on  the  earth's  surface,  dno  to  the  dying  out  efforts  of  Vulcanicity, 
■nd  made  up  of  scoria  and  the  like,  traversed  by  dykee  and  associated 
with  lava-streams  that  sometimes  form  small  sheets.  The  older 
igneons  rooks  sometimes  seem  to  be  the  remains  of  ancient  volcanos  ; 
but  more  generally  they  are  the  products  of  great  fissure  irrup- 
tions, which  ejected  vast  quantities  of  molten  and  other  matter, 
which  now  form  extensive  sheets.  This  is  exemplified  by  the  Irish 
rocks.  In  the  province  of  Ulster  during  the  Miooene  (?)  period, 
diere  'were  large  succSssive  outpourings  of  igneons  rooks,  that 
covered  miles  of  country  with  sheet  after  sheet  of  rooks ;  while 
subsequently  the  vulcanicity  seems  to  have  died  out  in  volcanos  at 
isolated  localities. — In  the  Carboniferous  Limestene  of  the  central 
plain  (Leinster  and  Munster)  there  seem  to  be  the  remains  of  vol- 

'  Mr.  ADport  objects  to  the  term  elvanile  becaose  it  has  been  misiued.  On  the 
nme  principle  nearly  all  the  rack  names  ought  to  b<i  rejected  ;  especially  granite,  09 
the  latter  ii  >  ooouaan  name  in  manj  ploeea  for  liard  and  coam  sandftones. 
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canos.  Even  Uie  circles  of  igneoos  toAe  and  tlieir  aooompanying 
agglomerates  and  toft  tliai  sanaoiid  the  Ooal-messaras  of  Bally- 
broad,  00.  Limerick,  possibly  may  mark  the  site  of  an  anoiaiit 
volcano,  as  they  do  not  exceed  in  dimensions  some  of  the  oraten 
recently  described  in  the  Gbol.  Mao.  by  Mr.  Jndd.  Bat  in  the 
Carboniferons  slates  of  the  oo.  Ck>ric,  and  the  Devonian  xodks  near 
Killamey,  as  pointed  oot  years  ago  by  my  ooUeagoes  G.  Y.  dn 
Nojer,  M.B.IJL,  J.  O'Kelly,  MJELLA.,  and  myself,  there  were  fis- 
sare-irniptions ;  although  in  one  place,  Blackballhead,  there  are 
the  remains  of  an  ancient  Tolcano. — In  the  rocks  of  Oambro-Siliirisn 
and  Silurian  age,  in  the  counties  of  Mayo  and  Gkdway,  also  in 
those  of  Gambio-Silurian  age  in  the  cos.  Wicklow,  W^ford,  and 
Waterford,  there  are  vast  sheets  of  igneous  rooks,  quite  diffsrent 
from  any  now  doe  to  Tolcanos.  It  is  therefore  evident  that  most 
of  the  Irish  igneous  rocks,  even  those  of  Tertiaxy  age,  ware 
irmpted  under  different  oiroumstanoes  from  those  accompanying 
the  eruption  of  lavas ;  and  although  a  better  classification  of  the 
rocks  than  that  at  present  in  use  (Ydeanic  and  Plutonic)  might  be 
adopted,  yet  it  would  be  incorrect  te  -call  them  all  volcania 

In  some  place  or  another  there  are  igneous  rocks  of  the  same 
respeotiye  ages  as  the  different  geolc^cal  groiqw,  and  each  of  these 
groups  of  igneous  rocks  must  have  had  their  granites,  although  in 
many  cases  they  may  not  be  now  exposed  by  denudation.  But  it 
seems  extremely  questionable  that  ^*  the  old  felBtones  and  porphyries 
were  originally  identical  with  the  more  recent  trachytes."  The  old 
felstones  and  porphyries,  as  shown  by  Jukes,  are  in  most  cases  the 
roots  or  deep  seated  accompaniments  of  vulcanicity;  and  if  volcanoe 
existed  in  connexion,  they  were  subsequently  removed  and  the 
material  scattered  by  denudation ;  while  the  more  recent  trachytes 
are  normal  volcanic  products. 

Mr.  Jndd,  in  his  recent  paper  on  the  igneous  rocks  of  the  Hebrides 
(quoted  by  Mr.  AUport),  shows  (similarly  as  was  proved  in  other 
localities  twenty  years  ago  by  Haugbton)  that  the  surface  or  volcanic 
siliceous  rocks,  in  depth,  pass  into  granite ;  he  also  mentions,  that 
the  dolerites,  in  depth,  pass  into  coarsely  crystalline  gabbros.  This 
leads  us  to  the  consideration  of  the  passage  of  basic  igneous  rocks 
into  normal  granite. 

In  Yarconnaught  or  West  Oalway  there  are  igneous  rocks  (gabbro 
or  diabase)  that,  as  pointed  out  in  the  Memoirs  of  the  Irish  branch 
of  the  Geological  Survey,  and  elsewhere,  when  affected  by  meta- 
morphism,  are  changed  into  the  rock  called  by  Macoulloch  hornblende 
rock  ;  diorite  (amphibole  +  triclinio  felspar)  ;  syenite  (ampbibole  + 
orthoclase) ;  and  rocks  that,  in  addition  to  amphibole,  may  contain 
both  orthoclase  and  triclinio  felspar.  These  rocks,  as  the  meta- 
morphism  becomes  more  intense,  become  granitic,  till  eventually 
they  change  into  homblendic  granite.  Similarly  with  the  non-meta- 
morphic  rocks,  Judd  points  out  that  the  dolerites  of  the  Hebrides,  in 
depth,  pass  into  coarsely  cr3'8talline  gabbros ;  for  the  latter  rocks 
others  have  proposed  the  name  of  granitone ;  as  the  rock,  although 
graDitoid,  waa  not  considered  a  normal  granite.    If,  however,  we 
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^  a  wide  anil  scientific  meanJog  for  granito — suoh  as  that  io  part 
killed  by  Macculloch — these  rocks  should  be  included  among  tlio 
{luilto  rocks ;  or  at  least  considered  passage  rooks  between  the 
bwc  and  granitic  rooks.  Such  rocks,  as  far  as  my  experience  goes, 
•Iwtjs  contain  more  or  less  mica  and  quartz,  and  wlien  they  are 
edible  of  being  examined  in  depth,  the  pyroxenic  minerals  are 
bind  to  be  gradually  replaced  by  amphibolic ;  and  such  a  rock, 
amaisting  of  a  crystalline  aggregate  of  felspar,  aniphibole,  mica  and 
qtaits,  muet  be  called  a  homhlendio  granite.  This  seems  to  be  the 
we  in  the  conntry  around  Carlingford  (referi'ed  to  iu  my  former 
ooramunicAtion),  as  the  Slieve  Fag  rock  (which  in  places  might  be 
oiled  a  ooarse  gabbro,  in  others  a  hyperite)  seems  to  graduate  into 
ihoroblendic  clvanite. 

In  the  field  a  twofold  division  of  the  igneous  rocks  into  highly 
liUoeoas  and  basic,  is  found  very  unsatisfactory.  There  are  certain 
iK^s  called  EuryUt  by  Daubuissvm,  Hybrid  rocke  by  Durocber,  also 
including  the  Trachgdoleritea  of  Abicb,  that  partake  of  the  nature  of 
both  the  felstonea  and  whinslones.  Such  rocks  often  occur  as  bedded 
■heet&  parte  of  a  bed  being  a  rock  that  must  be  called  a  felstone, 
while  other  portions  ore  a  rock  tliat  must  be  called  dolerite,  or 
some  other  variety  of  whinstone  ;  or,  as  is  often  the  case,  the  lower 
[lortion  of  tl«)  bed  will  be  more  felspathiu  than  the  upper:  but  in 
eiihtr  case,  whether  the  change  is  verlieal  or  horinontai,  one  kind  of 
ri.x)k  graduates  imjiereepliUy  into  the  otlior,  so  that  it  is  impossible 
tn  ilraw  hard  iiounc.iai-ies  lielween  them.  On  the  Government  mai'S  in 
these  cases,  of  late,  the  colour  for  the  siliceous  is  blended  into  that 
for  tlie  basic  rocks.  If,  however,  such  rocks  were  in  a  separate 
group,  uid  had  a  colour  for  themselves,  the  work  would  be  more 
complete. 

In  reference  to  botlleiU,  Mr.  AUport  places  it  in  bis  "acidic 
group,"  and  says  the  name  is  "synonymouB  with  tracholile."  The 
rock  tracbalite  I  do  not  know,  but  I  find  that  in  1826  Breithaupt 
described  a  rock  which  he  called  "Tachylyte"  (tori's  Xutos),  which 
Kems  to  be  the  same  as  the  County  Down  boUleite.  In  that  county 
this  rock,  in  places,  margins  and  graduates  into  dykes  of  dolerite, 
and  apparently  belongs  to  the  basic  group  of  the  igneous  rocks. 

IV. NOTB  OH   AN   AhNKLID   BbD   IN   THE   GaULT  OF   KbNT. 

Bj  Prof.  T.  Bursal  Joma,  F.E.8.,  etc. 

rSBE  is  a  peculiar  band,  full  of  Annelid  borings,  in  the  Oault  of 
Kent,  which  does  not  appear  to  have  been  recorded  in  the 
papers  on  the  Gault  of  Folkestone,  by  Mr.  De  Kance,  in  the  Geoi>. 
Mao.  1868,  Vol.  V.  p.  170,  etc.,  and  Mr.  Price,  Quart.  Joum.  Geol. 
Soc  1874,  vol.  MX.  p.  344,  etc  It  may  possibly,  however,  be  one 
of  the  "  bard  bands  "  noticed  in  their  sections,  but  not  described  in 
detail.  In  1866  I  collected  some  specimens  of  this  Annelid  Bed  in  a 
Gault  pit,  dug  for  brick-  and  tile-making,  at  Westwell  Leacon,  a 
mile  and  a  half  S.W.  of  Charing,  Kent  It  was  about  two  inches 
thick,  oontinnous  across  the  pit,  red  in  colour,  with  bluish  pipings 
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throughout  in  every  direotion ;  it  was  mubli  harder  iiiaa  the  Una 
day  above  and  below,  and  relatiyely  heavy.  There  seemed  to  be 
only  one  band  of  it ;  and  its  fragments  were  picked  out  and  thrown 
aside  by  the  day-diggers,  who  oalled  it ''  Haxper.** 

This  has  been  brought  to  my  remetnbranoe  more  eepecially  by  the 
following  extract  from  Prof.  Wyville  Thomson's  Bepoii  of  the 
Challenger  Expedition,  read  before  the  Boyal  Sodely,  November  18, 
1875  (see  Proceed.  Boy.  Soa  vol.  zxiv.  p.  88 ;  and  Naiure,  vbL  xiiL 
p.  70,  November  25, 1875) : — *'  On  the  17th  of  Jane  we  soonded  in 
1875  fathoms,  with  a  bottom  of  bloish-grey  day  and  a  bottom 
temperature  of  P-7C.,  forty  miles  to  the  S.E.  of  No-Sima  lightfaouss 
(Japan).  The  trawl  was  put  over,  and  it  brought  up  a  large  quantity 
of  the  bottom,  which  showed  the  day  was  in  a  peculiar  oonoretionaiT 
state,  run  together  into  coherent  lumps,  which  were  bored  in  aU 
directions  by  an  Annelid  of  the  Aphroditaoean  group.  In  many 
oases  the  Anndids  were  still  in  the  burrows." 

The  analogy  of  hardened  day,  bored  by  Annelids,  in  deep-sea 
clay,  with  the  Annelid  band  of  the  Gault  above  mentioned,  is  suffi- 
ciently striking  to  be  noticed,  although  the  days  and  the  Aimdids 
referred  to  probably  differ,  respectively,  in  several  charaoters,  and 
the  depths  of  the  two  seas  were  also  greatly  different  The  modem 
deposit,  however,  may  throw  light  on  the  history  of  part,  at  least,  of 
the  old  Aptian  formation. 

I  believe  the  **  Harper  '*  to  lie  in  the  upper  portion  of  the  lowest 
third  of  the  (Jault,*  which  is  here  very  rich  with  Foraminifera  and 
Entomostraca.  These  are  ignored  in  Messrs.  De  Banco  and  Price's 
lists  of  Gault  Fossils ;  but  they  have  had  justice  shown  to  them  in 
Mr.  Topley's  Table  IV.  Appendix  I.,  '*  Memoirs  Qeol.  Survey,  Geology 
of  the  Weald,"  1875,  pp.  423-426,  The  old  clay-pits  of  the  West- 
well  Leacon  yielded  several  of  the  fossils  enumerated  in  Dr.  Fitton's 
''Strata  below  the  Chalk,"  Geol.  Trans,  ser.  2,  vol.  iv.  pp.  112, 113. 

I  may  add  that,  from  a  comparison  with  the  Microzoa  brought  up 
from  known  depths  in  the  present  seas,  the  Foraminifera  of  the 
Gault  (like  those  of  the  London  Clay)  seem  to  my  friend  Prof.  W. 
K.  Parker,  F.B.S.,  to  indicate  a  depth  of  about  100  fathoms. 


V. — Sketch  op  the  Geology  op  Ice  Sound   and  Bell  Sound, 

Spitzbbbgen. 

By  Professor  A.  E.  NobdbnskiSld,  of  Stockholm; 

For.  Corr.  Geol.  Soc.  Lond. 

Pabt  IIL 

{Continued  Jrom  th€  February  Number y  page  76.) 

YI.  Jura, — In  all  probability  the  strata  which  form  the  summit  of 
the  mountain  north  of  Reindeer  Valley  in  Saurie  Hook  belong  to 
the  Jurassic  formation,  which  besides  occupies  a  considerable  extent 
on  Spitzbergen,  from  the  entrance  of  Ice  Sound  to  Cape  Agardh  in 

1  The  junction  of  the  Lower  Greensand  with  the  Gault  used  to  he  well  seen  in  t 
sand-pit  at  the  tontiiem  limit  of  the  Leacon  Common  (now  inclosed),  about  a  quarter 
of  a  mile  6.E.  of  the  brickyard  above  alluded  to. 
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r  Fiord.     To  judge  from  the  beds  at  the  latter  place,  the  only 

!  th&t  I  know  of  which  affords  a  corapcehensive  eectioQ  of  the 

erent  strata  belonging  to  this  formutioa,  the  Jurasaiu  strata  of 

tzhergeD  consist  of — 

L  Mariite  Strata. — 1.  (LowermoBt)  Cltty-Blate,  very  rich  in  pyrites, 

consequeDce  of  which   the  Beleinnit«8  (of  the  group    Areuati) 

leddod  in  large  quantities  in  these  elates  are  much  iccrusted. 

I.  Limestone  containing  iron,  yellow  after  exposure  to  the  air, 

I  in  badly -preserved  fossils. 

i.  Consittiitg  of  a  hard,  ntarlg  tm/oMil'/eroag  gaitdttone,  devoid 

marine    organiinu,  but  (at  Cape  Bohcman)  containing  Caal-bedt 

\  Uaiet  teilh  impre»»ioue  of  plante. 

itrata  belonging  to  the  first  division  A.  of  the  Jurassio  formation 

at  in  Ice  Sound  at  the  following  places : — 

I.  Cape  SlaraUchin. — The  rocks  along  the  shore,  immediately  west 

the  "sandstone  comb."      Blaolc    slates   (1)  standing  vertically 

I  in    some  places  mucb  coatortod.     They  are   divided   by  the 

indatone  comb"  (2)  from  the  atratum  containing  Cretaceous  fossil 

oto  at  (3)  ;  and  which  about  4000  feet  nearer  the  mouth  of  the 


Fto.  10. — Shore  rocka 


dde  of  the  entrnnce  to  Ice  Sound. 


iind,  without  any  proper  oryctognostic  boundary,  pass  into  Triassic 
ata  at  (4).  If  we  follow  the  shore  further  outwards,  we  find  first 
sandstone,  probably  belonging  to  the  Carboniferous  formation, 
[t  a  Mountain  Limestone  stratum,  of  which  also  the  high  ridge 
rormed,  and  finally  strata  belonging  to  the  Heola  Hook  formation, 
ircely  2000  paces  inwards  again  we  have  the  richest  locality 
Spitzbei^n  for  varieties  of  Miocene  plant-remains.  The  strata 
onging  to  the  later  formations  are  clearly  hereabouts  more 
ongly  dislocated  than  the  Palteozoio  beds,  which  lie  nearest  them, 
'emarkable  circumstance,  the  cause  of  which  I  shall  attempt  to 
te  further  on.  It  was  here  that  the  Jurassic  formation  of  Spitz- 
rgen  was  first  discovered  by  Lovcn  in  1837,  and  some  few  metres 
ace  the  Chalk  stratum  by  me  in  1872.  The  division  B  of  the 
rassic  formation  is  evidently  absent  at  this  place. 
6.  Green  Rarbour. — In  the  region  of  this  fiord  the  Jurassio  strata 
ip  out  at  severa!  places,  though,  in  consequence  of  their  poverty 
fossils,  they  can  seldom  be  recognized  with  certainty.  We  have 
opportunity  of  examining  a  section  of  the  strata  at  the  banks  of  a 
er,  which  falls  into  the  sea  on  the  west  side  near  the  entrance  of 
sen  Harbour.  Here,  too,  the  strata  stand  nearly  vertically,  strike 
and  S.,  and  consist  of  clay-slates,  alternating  with  a  grey  lime- 
ne,  containing  ill-preserved  Belemnites  and  traces  of  bivalves. 
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c.  AdLvmX  Bay. — ^The  shore  Tobka  here  consist  for  the  most  part 
of  an  alnminons  limestone,  and  a  blaok  slate  oontaining  Jurassie 
fossils,  but  only  in  limited  number,  and  generally  in  a  bad  state  of 
preservation.  Among  these  fossils  may  be  specially  named  a  small 
fossil  starfish  {$f68tjema),  of  which  a  ooaple  of  very  beautifid 
specimens  were  obtained.  The  strata  here  lie  horizontally,  and 
evidently  occupy  a  very  large  extent  of  comitry  both  towards  Goal 
Bay  and  Sassen  Bay. 

d,  SaBsen  Bay.— -On  the  south  shore  close  to  the  entrance  of  the 
fiord.  The  upper  part  of  the  mountain  consists  here  probably  of 
Miocene  strata,  the  foot  of  Jurassic  strata,  which  at  the  shore  lie 
nearly  horizontally,  and  consist  of  black  slates  and  grey  limestone, 
rich  in  ill-preserved  fossils,  among  which  Lindstrdm  names  Anedia 
MosquenaiSf  Oyprina  incorupieua  and  AmmomieB  iriplieatus. 

No  sharp  boundary  between  the  two  divisions  into  which,  on  the 
ground  of  observations  at  Gape  Agardh,  I  have  divided  the  Jurassio 
strata  in  Spitzbergen,  can  be  observed  at  these  places,  inasmudi  as 
the  slates  are  often  intersected  by  seams  of  limestone  and  infused  with 
colossal  black  round  nodules,  whidi,  however,  are  distinguishable 
from  the  nodules  of  the  Triassic  formation  by  their  less  regular  form 
and  darker  colour. 

These  nodules  occurring  in  the  Jurassic  strata  (I.),  and  the  Sphaero- 
siderite  from  the  second  division  at  Agardh's  mountain  (IL),  have 
been  analyzed  by  Mr.  G.  Lindstrom,  who  found  them  to  contain : 

Carbonate  of  lime 

Carbonate  of  magnesia      

Carbonate  of  protoxide  of  iron 

Phospbate  of  lime      

Sulpoate  of  lime 

Aiumma      *..     •••     ••*     •••     •*.     ...     , 

Oxide  of  iron  and  a  little  alnmina  ...     . 

v/Qionne      «..     ...     ..■     ••■     •••     ...     . 

Incombustible  residue  insoluble  in  acids  . 
Bituminous  matter  and  moisture      ...     , 


I. 

II. 

48-52 

••• 

6-96 

2-32 

••« 

15-36 

4-48 

... 

51-30 

0-39 

... 

1*85 

trace 

... 

0-22 

1-36 

... 
••  • 

1-35 

trace 

... 

trace 

39-81 

... 

2107 

312 

m 

1-90 

100-00  10000 

The  fossils  are  ill  preserved,  broken  and  worn  asunder,  on  which 
account  their  determination  has  been  attended  with  many  difficulties. 
Dr.  Lindstrom,  in  his  previously  quoted  work,  enumerates  the  follow- 
iog  species  : 


1.  Ammonites  triplieatWySow. 

2.  Cyprina  inconspieua,  Lindstrom 

3.  Cardium  concinnum^  ▼.  Buch. 

4.  Solenomya  Torelli^  Lindstrom. 

5.  Leda  nuda.  Keys. 


6.  Inoeeramus  rev$laiu8f  Keys. 

7.  Aueella  Mo«guensi»y  ▼.  Buch. 

8.  Peeten  dimiaausy  Beau. 

9.  Peeten  validua,  Lindstrom. 
10.  Ophiura  Gumalii,  Lindstrom. 


In  addition  there  is  a  number  of  species,  not  distinguishable  with 
certainty,  of  Fishes,  Serpula,  Bdemmtes^  Dentalium,  Panopcsa,  TeWna, 
Cytherea,  Area,  Nucula,  Avieula,  etc. 

Of  these  fossils,  1,  3,  7,  8,  occur  at  Moscow,  principally  in  Traut- 
schold's  "  Mittlere  Etage ;  "  1,  3,  5,  6,  in  the  Jurassic  strata  at  Pet- 
scbora. 
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7%e  Bbatnm  A  2  is,  if  we  exoept  ths  My  til  uh- stratum  at  Oape 
and  Adveat  Bay,  ik6  laiett  »lralam  on  Spitihergen  tthieh 
%Tine  fottiU^  and  it  is  therefore  supposed  thatthe  coiifigu- 
of  Spitzbergen  underwent  considerable  changes  during  the 
ic  period,  inasmuoH  aa  the  sea  which  fomiorly  coversd  these 
R^ijns  was  exchanged  for  an  extensive  continent, 

1)10  uppermost  stratum  (B)  of  Agardh's  mountain  is  separated 
hy  ■  thick  seam  of  diabase  from  the  underlying  strata,  and  consist* 
<rf  a  hanl  sandstone,  in  which  I  liavo  not  found  any  determinable 
IcmIb.  Iq  outward  appearance  this  sandstone  corresponds  com- 
pletely  with  the  sandstone  from  Cape  Boheman,  in  which  Dr.  Oberg 
nd  I.  during  the  Expedition  of  1872-73  found  fossil  plants,  which, 
aeootding  to  the  determination  of  Oswald  Heer,  belong  to  the 
Jonssic  period.'  I'rom  this  circumstance,  and  from  the  orycto- 
gtNMtic  resemblance  between  the  sandstone  at  Capo  Boheman  and  the 
tmermost  stratum  of  Agardh's  mountain,  it  is  perhaps  probable  that 
BMe  abata  occupy  neady  the  sacae  geological  position. 

Qvfb  Boheman  is  a  low  promontory,  principally  consisKng  of 
mdstone,  which  projects  into  Ice  Sound  from  the  middle  of  the 
■OTth-wcet  GOBiBt  South  of  its  extreme  point  there  are  several  small 
islands,  which  are  yearly  visited  by  the  Spitzbergen  whalers  for  the 
{nopoee  of  collecting  eg^  and  down.  As  of  late  years  small 
iteamers  have  been  employed  in  the  fishery,  these  tno  are  aocus- 
tome-l  to  visit.  tb«  place  to  (obtain  a  supply  of  coal  from  a  seam 
irliii-li  (■i  IViiiiid  ill  lliM  rnek  iri  tlie  iLoi:j;lil)Ciurhood  itf  the  islaadd  in 
the  steep  shore  terrace  wtich  everywhere  bounds  the  peninsula. 
The  succession  of  strata  here  is  shown  in  the  profi.le  below. 


The  principal  mass  of  the  strata  consists  of  a  hard,  nearly  unfossiU 
iferous,  mostly  white  sandstone,  which  at  some  places  is  mixed 
with  clay,  and  thus  passes  into  sandy  clay-slate.     Besides,  the  eand- 

'  Some  aaiTalies  and  fragmenta  of  fossil  wood  foond  is  the  TeitUr;  strata  at  Cape 
SlarmMchin  are  describtd  by  Majer  in  Oawald  Heer's  Miocene  Fiora  and  Fauna  von 
Spiltbergen,  and  are  conadered,  at  leart  partly,  to  beloiig_  to  marine  types.  The 
broken  and  fragmentarr  condition  of  these  fowila  and  their  occurrence,  the  vege- 
ahle  frannenta  included,  in  a  Btratum,  merely  local,  of  one  or  two  inches  thick, 
imbedden  among  purely  fresh-watur  forma,  however,  shows  that  they  do  not  lie 
II  n'lH,  bnt  have  bees  washed  out  of  some  older  maiine  stratum. 

'  Some  ill-preserved  vegetable  impreBsions  [pieces  of  Cycadea)  were  brought  home 
from  this  lociity  during  the  Eipedition  of  18H4,  although  they  have  not  been  Bub- 
jected  to  >  close  eiaminstion.  As  at  that  time  Miocene  Coal-seams  only  were  known 
»  occur  at  Spitzbergen,  I  referred  these  strata  in  my  sketch  o[  the  geology  of 
iipiUbergeQ  to  the  Tertiary  period. 
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stone  is  many  times  inteneoted  by  thin  ooal-oesmB,  ftiid  at  a  by  one 

of  ooDsiderable  thicknesB.    The  soooeasioii  of  stnta  beie  is : 

White  wiiditoae  (i^pflnMMt)         ^        S-0  ■ati— 

Soft  black  Modftooe  adaed  with  eod       ^       —      0-6     ,• 
Good  eotl      ...        ...        •••        ..«        ...        •••      O"!     ^ 

DllaW  ■«•  •••  ■■•  •••  •••  •••  •.•        U  «        ff 

Sandj  shile  with  eotl«Mmi  <HI     „ 

Pnra  ooaI       •••        •••        •••        •..        •••        ••■      0*6     yt 

DIIaIO  •••  »••  »«•  ««•  •••  •••  ■••         V^&        yf 

Iyooq  ooal      .••        •••        ...        ••         ..a        •■•      u*#     SI 

The  fossils,  whioh  ezdusiTely  consist  of  Tegetable  impressioiis, 
were  found  chiefly  west  of  a>  in  a  sandstone  containing  some  iion, 
partly  in  the  shales  lying  next  the  coaL 

I  do  not  know  with  certainty  any  otiber  place  where  coal-seams 
and  strata  with  yegetable  impressions  belonging  to  this  diyision  oooar 
on  Spitzbergen.  It  is,  however,  possible  that  the  seam  of  coal 
referred  to  at  greater  length  farther  on,  and  a  hardy  fossiliferonf 
sandstone,  which  are  expoaed  on  the  steep  slopes  of  the  moantain 
ridge  between  Advent  Bay  and  Goal  Bay,  belong  to  this  period. 

YU.  Liahoie? — ^The  emptiTe  rocks  whioh  oyerlie  the  marine 
Jurassio  strata  on  Agardh's  Moantain  form  the  most  recent  of  the 
plutonic  formations  which  haye  been  formed  oa  Spitsbergen,  and  it 
cannot  therefore  be  out  of  place  here  to  describe  with  some  minute- 
ness this  important  member  of  the  geological  stractnre  of  the  oonntry. 
This  rook  was  first  disooyered  by  the  geologists  who  took  part  in 
the  French  Expedition  in  the  frigate  La  Bickereke^  and  who,  after 
their  return  home,  described  it  under  the  name  of  "sdagite  <m  nimte 
hypersthenique"  A  more  complete  account  of  its  occurrence  is  giyen 
by  me  in  my  work  on  the  geology  of  Spitzbergen,  in  which  I  have 
employed  the  word  hyperite  as  synonymous  with  selagite  for  denoting 
this  rock.  Through  Descloiseauz's  remarkable  examination  of  hy- 
persthene,  and  the  new  methods  of  obtaining  a  knowledge  of  the 
component  parts  of  rooks  by  microscopic  examination  of  thin  plates, 
it  has  appeared  that  a  great  many  of  the  rocks  whioh  were  thought 
to  contain  hypersthene  contain  instead  some  other  variety  of  augite, 
and  in  this  way  miany  rocks  which  were  formerly  called  hypersthe- 
nite  do  not  contain  the  mineral  from  whioh  they  obtained  their 
name.  Among  the  number  of  these  is  the  Spitzbergen  hypersthenite, 
according  to  examinations  made  by  Zirkel  (Neues  Jahrb.  fur  Min, 
1870,  p.  808),  Tomebohm  (private  communication),  and  others.  The 
name  by  which  the  rock  was  formerly  denoted  must  therefore  be 
exchanged  for  another,  and  I  shall  in  this  case,  following  Zirkel's 
determination,  employ  the  name  diabase,  although  dolerite  perhaps 
were  a  more  correct  designation  for  the  eruptive  rocks  from  these 
localities  on  Spitzbergen. 

The  Spitzbergen  diabase  consists  of  an  equal-grained  mixture  of 
labradorite,  a  species  of  augite  and  titaniferous  iron.  It  has,  when 
freshly  broken,  a  gieyish-black  or  greenish-black  colour,  which  often 

^  In  my  nketch  of  the  geology  of  Spitzbergen  I  have  noticed  the  plutonic  rocks 
plentifully  occurring  in  these  regions  under  the  name  of  hyperite.  According  to 
later  microscopical  examinations  of  the  rock,  this  name  ought  to  be  exchanged  for 
diabase. 
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tewmM  dark  brown  through  the  action  of  the  atmosphere.  UntJer 
lie  microscope  olivine  (Tomebohm)  and  chlorite  may  be  discoverecl 
tt  occasional  ingrediente.  The  latter  mineral,  however,  iB  believed 
to  be  absent  in  Uie  rock  from  a  number  of  the  localitiefl,  whereby  it 
takes  the  nature  of  dolerite- 

The  Spitzbergen  diabase  has  been  analyzed  :  (1)  from  the  Goose 
Idands  in  Ice  Sound  by  Mr.  G.  Lindstrijm  (paper  previously  quoted, 
page  67!);  (2)  from  Tschermaksberg  by  ProfeBsor  Teclu  (Min. 
Mitheaungen.  1874.  h.  iv.  p.  263) ;  (3)  from  Saurian  Hook  by  Tedn 
(paper  qnoted,  p.  364).' 

The  specific  gravi^  of  2  and  3  is  =  2-98. 
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This  rock  commonly  occurs  in  strata  which,  with  the  same  regularity 
M  the  Hedimentary  rocks  and  without  branching  out  into  side  veins, 
fimn  distinct  links  in  the  Mountain  Limestone,  the  TriasBic  aod 
ivnuac  formations.  Less  frequently  it  occurs  in  isolated  mountains, 
■eldom  in  the  form  of  veins.  In  numberless  cases  it  oocupiea  the 
slopes  at  the  foot  of  the  mountain  where  the  black  stone  surfaces 
we  like  a  parquet  floor  divided  into  chequerB,  correspoudiug  to  the 
seciiona  of  the  pillars,  into  which  the  stratum  ia  cleft,  and  at  the 
»ine  place  the  summit  of  the  mountain  ia  generally  occupied  by  a 
horizontal,  black  or  rust-brown  diabase  stratum,  also  cleft  into  basal  tio 
pillars.  As  there  are  no  cavities,  the  minerals  with  which  theae  are 
wmmonly  filled  are  also  completely  absent' 

With  respect  to  the  occurrence  of  the  prismatic  structure  in  basalt, 
I  may  be  pennitled  to  refer  to  my  Bketoh  of  the  Geology  of  Spitz- 
Viergen,  p.  35,  where  it  is  stated  that  "  No  satiBfactory  OKplanation  has 
liiUierlo    been    given   of    this    remarkable  phenomenon,    which   . 


'  In  quoliii);  titese  uutyus  ron  Drasche  pym  utt«rtiDce  to  a  doubt  of  the  cormct- 
Daa  of  LinditrCm'K  determinstion  of  tiuaic  aciil  in  the  addendum :  "  Wte  leicht 
tun  ein  durFh  t'luss-siiDre  ooch  nicht,  gau  aui^GschloaavDFr  Theil  dra  SUikntr>B  al« 
Iitansaure  ectiogva  werdeii."  Tbis  doitbt  is  unwarrflBtwl,  and  pprhnpfi  sh'ji«s  why 
Tmin  onlT  found  a  trace  of  lilonic  Bcid.  BaiaU  oiiantitiBS  of  titanic  ntid  an  not 
obuined  id  lb«  way  stated  by  Herr  Ton  Drosclte,  Wrow  the  acid  pusaiij  into  tba 
lolntiDn.  Id  tbf  inalTsift  made  by  Lindatrom  at  the  labornCary  for  mineral  unulyaia 
U  lite  Bika  Museum,  the  titanic  ucid  wan  precipitated  by  boiling  and  tbc  pccipitnted 
acid  vtw  forced  from  iron  by  means  of  acetic  acid  and  hydroBulpbate  of  ammnuia, 

'  Among  tbe  pebblee  on  the  nerth-east  side  of  Nortb-Eaitt  Lend  I  found  some 
|iiMM  of  ChslcHlDiiT,  vhoae  form  clearly  ahowod  tbat  thev  bad  been  (ornied  in 
caritME  of  boaaJt.  'This  a  coneidered  lo  prore  tbat  Eucb  rocka  occur  on  Ibe  K^oupi 
of  iilandu  norUi-east  of  Bpitibergen.  Ferbaps  it  vaa  in  fbese  reruns  that  the 
o^liani  look  place  from  which  the  Spitzbergea  diabase  beds  uriginatod.  According 
\D  KdlhaD,  pebblw  with  caTiti«a  alio  Mcur  on  titan^orelajid. 
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especially  peculiar  to  baadt,  and  which  by  acme  gedogiats  haa  been 
regarded  aa  a  lesolt  of  ooiiGretioiiaiy  atructare,  or  even  compared  to 
a  kind  of  dyataUisation  of  the  whole  masa  of  the  rock.  The  origin 
of  the  baaaltio  atmctoie,  howeyer,  appeara  to  lie  near  at  hand,  and 
the  phenomenon,  though  operating  on  a  amaller  scale,  ia  a  yeiy 
common  one.  If,  on  a  warm  aommer  day,  we  walk  acroaa  a  bed  of 
clay,  the  snrlaoe  of  whidi  haa  become  dry,  we  shall  often  see  the 
crust  of  the  clay  broken  into  regular  and  mostly  hexagonal  figures. 
Fissures  of  the  same  form  may  be  seen  on  the  marshy  plains  whidi 
are  met  with  at  the  foot  of  the  mountaina  in  all  parts  of  Spitzbergen. 
In  the  middle  of  summer,  when  the  snow  has  just  melted,  they  are 
so  very  marshy,  that  in  going  oyer  them  one  sinka  to  the  knees  in 
the  moist,  angular  grayel,  but  towards  autumn  they  generally 
become  quite  dry,  and  the  surfiEkoe  splits  into  regular  figurea.  Tk» 
gradual  caniraeium  of  a  Bolid  mosb  eyidently  constitutes  me  common 
cause  of  the  hexagonal  structure  of  these  so  widely  different  substances. 

''  When  the  day  or  the  grayel  beds  diy,  or  the  plutonic  rode  cools, 
a  contraction  takes  place,  beginning  at  the  surface,  or  at  the  walls  of 
the  yein,  and  gradually  perpetuating  itself  to  the  interior,  the  result 
of  which  eyidently  is  a  bursting  of  the  mass.  Then  the  two  follow- 
ing conditions  must  be  fulfilled : 

*'  1.  The  bursting  must  take  place  in  such  a  manner  that  the  re- 
sistance it  meets  with  proyes  a  minimum.  2.  The  partides  must 
not  be  didocated  to  so  high  a  degree  as  to  loosen  the  upper  oontraoted 
bed  from  the  lower  one  that  is  yet  uncontracted.  Tins  latter  con- 
dition is  a  necessary  consequence  of  the  contracting  process  beginning 
at  a  certain  plane  and  perpetuating  itself  gradually  to  the  interior  of 
the  mass. 

**  If  we  solye  this  minimum  problem  mathematically  on  the  bases  of 
the  two  conditions  above  stated,  we  find  that  the  defts  which  arise 
in  a  solid  mass  when  it  contracts  must  necessarily  be  composed  of 
plane  surfaces  crossing  each  other  so  as  to  form  regular  hexagond 
columns,  and  be  perpendicular  to  the  surface  where  the  temperature 
is  constant,  or  parallel  with  that  direction  in  which  the  contraction 
is  progressing.  The  columnar  structure  peculiar  to  basalt  is  thus  a 
simple  consequence  of  the  fact  that  the  bursting,  caused  by  the  contrac- 
tion of  the  solid  mass  in  cooling^  takes  place  along  a  system  of  surfaces 
where  the  resistance  is  at  minimum;  and  the  basaltic  structure  has 
nothing  in  common  with  the  concretionary  struciure,  or  with  crystalliza- 
tion: although  the  regular  form  of  the  basaltic  columns  gives  them  a  cer- 
tain resemblance  to  crystalline  prisms,^* 

On  the  west  coast  of  Spitzbergen,  where  the  strata  are  almost 
vertical,  the  diabase  only  sparingly  occurs.  It  is  likewise  nearly 
absent  on  Liefde  Bay  and  the  north  coast  of  North-East  Land.  On 
the  contrary,  it  occurs  well  developed  on  the  inner  part  of  Ice  Sound, 
Hinloopen  Strait,  and  Stor  Fiord. 

I  have  had  several  opportunities  of  observing  the  contact  between  the, 
diabase  stratum  and  the  underlying  strata.     The  latter,  if  they  were 

« 

^  The  traoByerse  clefts  which  often  divide  the  basaltic  columns  seem  to  arise  from 
an  iDterruption  in  the  successiye  contraction,  caused,  for  instance,  by  infiltration  of 
water  in  tie  solid  bat  jet  warm  rock. 
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jlioall;  formed  of  limeBtono,  have  then  soraetimea  the  appeamnoe 
if  they  had  been  burnt,  but  oa  a  closer  exftniination  it  is  found 
it  the  nlteratioD  ariiies  from  Ibe  limeBtone  atrata  being  impreg- 
ml  with  silica.  The  altered  appeanuice  of  the  strntum,  therefore, 
ginates  rather  from  an  infiltration  of  silica  than  from  the  action  of 
it  I  consider  it  highly  probable  also  that  the  immense  flint 
itotn — oft«n  cootainiug  shells  of  Productus,  etc. — which  occurs 
the  MouDtain  Limestone  formation,  has  the  same  origin  aa  the 
haa»  beds. 

It  ia  scarcely  possible  to  consider  these  beds  purely  eniptive 
-mations,  though  I  hy  no  means  deny  that  the  veins  of  diabase 
i  probably  also  that  which  forma  isolated  rocks  without  ud- 
itore  has  broken  out  in  a  state  of  fusion  from  the  interior  of  the 
ih.  It  appears  to  me  that  the  diabase  strata  can  only  be  aaoouuted 
'  by  the  supposition  that  they  are  composed  of  immense  strata  of 
Icanic  eaud  and  ashes,  winch  in  the  lapse  of  time  were  meta- 
irphused  into  a  hard  crystalline  rock.  It  is  possible,  too,  that 
)  gravel  originating  from  the  action  of  the  atmosphere  upon  the 
ibase  which  has  thus  been  formed,  may,  under  favourable  circiim- 
lUees,  without  intermisture  of  foreign  matter,  be  collected  into 
ala  of  diabase  santi,'  ivhich  sand,  under  circumstances  favourable 
9i«to,  may  again  be  compacted  into  a  rook  not  distinguishable 
im  that  from  which  it  originated. 

A  pse ado- pi u tonic  stratum  of  this  kind  may  therefore  be  inter- 
atified  with  foBsiliferous  beds,  deposited  much  later  than  the 
iterial  of  the  pseudo-plutonic  stratum  was  thrown  up  from  the 
terior  of  the  earth.' 

'  Sach  strata  of  diabase  sand  nlso  now  occur  in  many  placee  an  the  coasle  of 
iabei^n :  for  example,  in  Hioloopea,  oS  the  Low  Iiland,  etc. 
>  1  have  before  giien  expression  to  the  riew  that  the  canditioD  ef  a  roclc  depends 
Kh  more  on  Che  compoeLtion  of  the  original  materiuls  than  on  the  mode  of  occur- 
lee,  and  that  b  voiCKDit  glau  and  a  seoiment  of  the  same  chemital  compoaition, 
a  the  lapse  of  immense  peiiods  of  geological  time,  give  the  same  ultimate 
iduct.  inasmuoh  as  the  moleeulea  arrange  themselves  aecording  to  the  most 
'OUiable  relation  of  equivalenta;  and  na  an  instance  showing  that  molecular 
aga  may  take  place  in  solid  subalanees,  I  may  point  to  iodide  of  sQver,  b>  the 
■ages  proluced  in  the  form  of  sulphur  crystals,  and  to  iron  which  has  been  eiposed 
a  length  of  time  to  concussions  (for  inslance,  axles  of  railway  wageon  '      '  ' 

.  ,      i._ i._:__i    -jnipieg  of  gucii  changes.    The  first  I  g 

,     _j.  without  linowinK  that  he  was 

a  disputed  point  of  gret 

non  iiint  ej_j ,  _.. 

removed  by  blailing  froi 
u  amorphaat,  but  iDon  afltr  btgaii  (a  asjuiw  a  coaruly  eryitallini  itrufluri.  The 
ler  was  communicated  to  me  by  A.  0.  Natboist,  Decent  in  Geolo^  at  the  Univer- 
j  of  Land,  whose  attention,  when  he  took  part  last  summer  in  the  geological 
rrey  of  Sweden,  was  directed  by  a  farmer  to  a  veio  of  calcspar  which  had  uiider- 
u  a  rhanffe  oj'  tfxlure  from  a  fompact  to  a  eryatiiUine  itate  during  a  period  of  25  to 
fieri.  I  have  wished  to  quote  these  case*  so  much  the  more  because  there  is 
possibility  that  the  obstsrvers  have  been  led  astray  by  a  theoretic  view  previously 
opted.  Those  who  are  disposed  to  deny  the  possibility  of  a  laaas  of  the  nature  of 
[a  being  changed  to  a  crystalline  rock,  ought  besides  to  keep  in  view  that, 
nrding  t«  all  experience,  a  melted  mass  of  silica  cools  lo  a  glaii.  and  that  therefore 
r  tiie  purely  eruptive  diabase  we  also  must  suppose  that  an  inward  molecular  change 
1  lake  place  after  tiie  solidification  of  the  rock. 


126        PtoJ.  a.  S.  Nordaubold— Geology  ofS^tzbayen. 


In  loe  and  Bell  Soands  dubaae  is  foand  it  '^ 

Hie  following  plaoea  :  ^ 

1.  Bdl  SommL — Bight  mpomto  Anl's  IbIuuI*, 
on  the  north  shore  of  Ton  HijeD  Bej.  A  BtratniB 
of  ooDiiderBble  thiokneu  in  the  Uountain  Lime- 
atone  formation  ooonrting  here. 

Jaaer  part  ofSedureie  Sajr. — On  an  ieolated 
moDntain,  on  which  the  Frendi  Hzpeditioii 
erected  its  obeomtoiy,  henoe  called  Obserratoiy 
Mountain,  delineated  in  the  Atlas  of  the  Ezpe- 

2.  I'M  8omid.—Tke  Hgk  riitga  i0  Cape  Sla- 
ratieUn.     Hires  thlok  strata,  whioh  are  quits 
oonformably   interstratified  with    fosnlifuooi    . 
beds  of  Uonntain  Limestone. 

2^  Entrance  fa   8ame»  Bay. — ^An  isolated 

-B  -=  rocky  hill  of  inoonsidenble  height  on  the  sonUi 

'~.'^  side  of  the  entrasGe. 

"M       Oip't  Hook. — A  diabase  straUun  hers  forms 

a  §>  the  slopes  at  the  foot  of  Gip's  Hook. 

C  *  7%«   fliUimr  JninmAm  nW  (iin'm    TfluA  


I 


11 


The  OoCM  Iilamdt  of.  Oip'a  JTooh^—VrtAMj 
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g    s  S    a  continnation  of  the  same  atiatnm. 

S"  'S-a 
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£    i'S        Cape   Tkordtea, — On    this    promontoiy  the 
g  H  £,  ^'^''^  oocnra  in  many  places,  partly  as  nAj 


^  diabase  oocnra  i 

^^  hiUe  without  adroixture,   partly  as  thick  and 

'(  parallel  strata,  and  at  some  places  also  as  true 

4't  veins.     The  manner  of  its  occurrence  may  be 


il 


'0 


ps* 


seen  in  the  accompanying  profile.     (Fig.  12.) 

Unfortunately  the  mountain  sides  in  this  pro* 
lie  are  so  coTored  up  with  gravel  that  I  cannot 
B  a   make  out  with  certainly  whether  the  diabase  <ui 
^J   the  monutainB  a  and  b  only  forms  a  stratum,  or 
^    1 1   if  it  there  takes  up  the  whole  monntain.    At  3 
"    'gS    the  underlying  slato  beds  are  covered  by  a  dia- 
S   —a    base  stratum,  whioh,  however,  is  at  most  places 
^    ■       BO  completely  split  up  on  the  surfaoo  that  it  has 
—      been  changed  to  a  collection  of  stone  heaps.  At 
M>      i,  in  the  neighbonrhood  of  the  sea-shore,  there 
i       occurs  a  well-marked  vein  surrounded  by  its 
J       matrix.    It  here  intersects,  without  in  any  great 
I       degree  disturbing  the  lie  of  the  neighbounng 
I       strata,  several  grey  marl  beds,  probably  belong- 
1^      ing  to  the  Mountain  Limestone.     The  diabase 
S      occurs  very  beautifully   stratified  round  Hein- 
"S       deer  Valley,  where  it  forms  two  regular  strata, 
"S       of  which  the  one,  with  a  thickness  of  about  nine 
metres,  at  a  height  of  about  200  to  SOO  metres. 
"       forms  on  the  mountain  a  shel^  with  precipitous 
sides ;  the  other  is  formed  in  the  same  regular  way,  parallel  with 
^  the  former  and  several  hundred  feet  higher.  Von  Srascho  has  given 
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As  following  profile  of  the  mountatn,  called  by  him  Tdchermak's 
B(t]g.  By  Blomstnnd  aud  myself  it  had  formerly  been  oalled  Middle 
Hook. 


Pio.  13.— Profilo  ot  Tscliermak'«  Birg.  in  Ice  Sound,  by  von  Dnuohe. 

L  Black  bitominous  naal,  wiiii  tiuui}>  coprolitas,  CrphalopodB,  and  birilvM. 
1.  Scddish  Bonditnne,  with  but  fe*  tosaili.  3.  Diabase.  4.  Raddiih  nndnone. 
tti  2.  6.  CIay-«Ule.  8.  LimiHtame,  with  tbtj  eiident  tncM  of  the  action  of 
iM.     7.  Tfain  nTaeim  of  diabase.    8.  Grej  limenuae. 

Mkman  Sag. — Tba  bottom  of  the  fiord  is  occupied  by  a  glaoier, 
off  which  tfae  fiord  is  for  a  con^tidorable  distnnce  eo  elmllovr  that 
a  boat  canuot  be  rowed  in  it.  The  sides  are  formed  of  two  moun- 
'.lins,  -wliich  in  ati  iirchitectural  respect  are  the  finest  I  know  of  on 
iliizh-jij^iu,  and  which  on  (hnt  accmmt  were  by  ua  distinguished 
with  the  names  CoIoBsenm  and  Capitoliiim.  The  geological  structnre 
of  both  is  clearly  identical ;  they  consist  of  horizontal  Mountain 
Limestone  strata,  sacceeded  by  a  bed  of  gypsum  marl,  divided  with 
the  utmost  regularity  into  niches  and  beautiful  rows  of  pillars,  on 
which  rests  a  roof  of  diabase,  which,  however,  does  not  here  form  the 
terrace  with  precipitous  sides  at  the  summit  of  the  mountain.  The 
Mountain  Limestone  strata  further  up  the  fiord  rest  (as  seen  in 
the  piofile  Fig.  7,  given  in  the  last  Number  of  the  Qeol,  Mao.,  at 
p.  €8)  on  the  Liefde  Bay  strata. 

{lb  it  continued  in  our  ntxl  Namher.) 
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RnuRKS  OH  THE  Oboanization  amd  Ststehatio  Position  or 
BKCEPTACIII.ITI8.  By  C.  W.  GiiHBEi.  [BBiTRaaBZCRKENHTiiiBB 
hkk  Oroahisation,  n.  s.  w.J  From  the  Transactions  of  the 
Boyal  Bavarian  Academy  of  tjciences,  Math.-Phys.  Class. 
Vol.  XIL  Parti.    4to.  49  pages,  1  plate.     Munich,  1875. 

VAB10DS  opinions  have  been  held  as  to  the  zoological  place  of 
the  fossil  known  as  BeMplaeiditet,  occurring  in  the  Silurian 
lystem,  bat  represented  by  a  fine  species  throughout  the  Devonian 
rocks  of  the  Rhenish  system.  It  has  been  referred  by  some  to  the 
Sponges,  and  by  others  to  the  Foraminifera.  Dr.  Gumbel's  late 
microecopic  researches  on  the  internal  structure  of  this  interesting 
fosml  plaoe  its  nature  in  a  clear  L'ght     As  already  described  by 
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Billings,  it  possesses  a  skeleton  oonsisiiiig  of  two  walls  or  floor%  : 
each  made  up  of  rhombio  plates,  fitting  in  one  to  another;  separating  : 
and  supporting  the  two  floors  or  decks  are  a  great  number  of  tJiiAiiih,  : 
calcareous,  vasoular  columnSy  whioh  are  trayersed  by  an  internal  : 
canal  with  ramifications  in  each  of  the  fioors.    After  illnstratbig  .: 
this  structure,  Gtimbel  points  out  that  the  calcareous  skeleton,  there- 
fore, possesses  an  anastomosing  canal-system ;  and  henoe  the  colnmni  ; 
are  not  analogues  of  Sponge-spicules,  nor  is  the  whole  stmcton 
equivalent  to  the  embryonal  form  of  Sponges,  as  regarded  by  Billings ; 
but,  on  the  contrary,  corresponds  closely  with  Fwraminiferaf  among 
which  it  forms  a  genus,  not  of  the  OrbitoUUdOf  as  suggested  bj 
Salter,  but  strictly  near  the  Daetyloparida,  as  an  eJlied  family — that 
of  the  Bee^tacuUda.    These  conclusions  are  clearly  illustrated  by 
numerous  accurate  drawings  from  Dr.  Giimbel's  miorosoopio  sections 
of  Receptaeulites, 

The  bibliography  and  history  of  opinion  as  to  the  natore  of  this 
fossil  creature  are  fully  given  by  Dr.  Giimbel.  The  localities  and 
range  are  also  indicated.  iBchaditea  and  Te^agtnUs  have  not  yet 
been  submitted  to  close  study ;  but  the  author  is  of  opinion  that, 
though  closely  allied  to  BeceptacvUtee,  they  have  specifio,  if  not  sob- 
generic,  difierenoes.  A  synonymic  list  of  the  known  fossil  forms 
coming  under  these  names  is  given  at  pages  88-40;  and  other 
probably  allied  forms  are  also  enumerated.  T.  S.  J. 


Description  G^ologiqub  db  la  Cbais  de  l*Ile  db  Wight.  Par 
M.  Chahles  Babbois,  Preparateur  de  Geologic  k  la  Faculte 
des  Sciences  de  Lille. 

HARDLY  any  spot  in  the  United  Kingdom  is  so  attractive  to  all 
classes  of  people  as  the  Isle  of  Wight.  To  the  geologist, 
however,  this  island  is  of  peculiar  interest,  owing  to  the  number  of 
formations  there  represented,  and  the  admirable  clifif  sections  and 
fruitful  fossiliferous  localities  around  its  coast  Hence  it  has  been 
the  subject  of  numerous  papers  and  memoirs.  But  room  has  still 
been  left  for  further  research,  of  which  M.  Barrois  has  availed 
himself,  and  in  the  present  paper  he  has  given  the  result  of  his 
observations. 

After  reviewing  the  literature  on  the  subject,  the  author  proceeds 
to  give  a  topographical  sketch  of  the  position  of  the  Chalk,  which 
is  divided  by  an  anticlinal  line  running  east  and  west  along  th« 
island  into  two  portions,  dipping  in  opposite  directions. 

The  southern  mass  rests  on  the  Upper  Greensand,  and  consists  of 
Chloritic  Marl  (zone  of  Am.  laticlavius).  overlain  by  the  Chalk  Marl 
(zone  of  Scaphites  aqualia).  This  latter  is  a  compact,  greyish -blue 
chalk,  with  conchoidal  fracture,  containing  numerous  nodules  of  iron 
pyrites,  about  116  feet  thick.  The  general  dip  is  from  6  to  10 
degrees  to  the  south. 

The  flints  in  this  district,  though  apparently  intact,  fall  to  pieces 
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toocfaEid.  The  Chalk  here  is  capped  by  a  gravel  oontaining 
oas  fliuta,  in  which  M.  Barrois  fonud  an  implement. 
northern  maBS,  which  traverses  the  islanil  in  an  east  and  west 
on  from  Culver  Cliff  to  the  Needles,  is  divided  by  the  author 
nee  portions.  The  first  entenda  from  the  Needles  to  Calbnume 
1,  the  second  from  Caibonrne  Bottom  to  the  Medina,  and  the 
rom  the  Medinn  to  Culver  Cliff.  In  the  two  lateral  portions 
Is  are  higher  and  the  dip  of  the  beds  greater  th«n  iii  the  central 
Id  the  former  the  dip  \a  from  40=  to  80°,  whilst  iu  the  tatter 
ily  f«>m  10^  to  45". 

I  nines  is  also  divided  by  four  north  and  south  faults.  Tlirough 
1st  important  of  these  the  Medina  flows;  the  uext  lias  forme) 
Erne  Bottom,  and  gives  rise  to  the  spring  at  Calboume ;  whitet 
iber  fractures  have  allowed  the  Tar  and  Eastern  Yar  to  cut 
;h  the  Chalk  at  those  points. 

author  divides  the  Chalk  composing  this  ridge  of  hills  into 
lowing  zones,  taking  them  in  iiscendiiig  order  : 
Vhalk   Marl   (zone  of  Seapkite*  »quatii).     tilne-grey,  marlj 
one,  with  oonchoidal  fracture,  containing  nodules  of  iron  pyritea. 
■  abundant  in  lower  portion. 
-Craio  Maniease — Chalk  without  flints  : 

™e  of  fiioaramnt  laiiatu<.—B.aTd,  dry.  yellowijih-white  Chalk,  marking  bat 
,  Dodular  at  the  base  for  about  two  jard«,  but  becoming  mars  bamogaaeoui  as 
■a  up.      Quarried  at  Mount  Joy  and  Metaty  Down. 

one  of  Ti!rrirjit,l<r<a  ffranVw,— About  16  fcEt  thick.  Towards  the  upper  part 
nd  of  Dodules  of  hard  Chalk  covered  with  a  green  coatinc,  and  containing 
!{  per  cent,  of  phoaphate  of  lime.  This  hand,  called  "ChalkBoek"  by  Hr. 
ftr.  can   be  tiaced  from  one  end  of  the  island  to  the  other.     A  stratum  of 

Ins  marly  than  that  below  the  oodulea,  succeeds  them,  containing  a  large 
r  of  T.  gracilis,  bnt  no  dints.  This  again  is  covered  hy  a  layer  of  black  clay, 
9H  than  one  to  four  inches  thick.  This  layer  of  clay  the  anthor  considers  to  be 
e  tine  of  demarcation  between  the  Chalk  without  and  the  Chalk  with  Sinta, 
rpaiates  two  distinct  zones  of  life;  whereas  the  "  Chalk  Bock,"  which  Mr. 
cer  took  as  the  diciding  line,  does  not  do  so. 
.—Chalk  with  flinta  : 
one  of  Holatttr  p/nJim.— Hard  nodular  Chalk,  full  of  fossils,  about  88  feet 

The  nodules  are  eitremely  hard,  and  of  a  yellowish -while  colour,  the  Chalk 
n  them  being  softer  and  greenish-grey  in  colour.  Hands  of  tabular  flint  are 
>ib;  the  flint  nodulea  are  small  and  scattered  irregularly  through  the  mass. 
one  of  Micraiter  fur-in^uinuin.— Chalk  much  fissured.  Flints  abundant  iD 
[id  tabular  masses.  Sections  ecarce.  Atwut  16S  feet  thick, 
one  of  Hierailer  tor-irUudinarum. — Compact,  soft,  dazzling- white  Chalh, 
ing  black  angulaf  flinta  in  rows,  from  20  inches  to  3  feet  apart,  which  towards 
per  part  are  replaced  by  bands  of  grey  marl.  Fouils  are  not  numerona. 
en  about  960  feet. 

one  of  Ddimii Helta. —la  the  lower  portion  the  Chalk  is  white,  marks  well, 
utains  many  large  black  flints.  Echinixoryi  fibhit  abundant,  along  with 
iirlla  mutrniMla  and  B.  quadratit.  The  upper  portion  is  aoltcr,  and  marks 
adly.  The  flints  are  smoky-^ey  coloured.  B.  mucronaia  with  Magoi 
I  very  abundant.     The  latter  is  not  found  in  the  lower  portion. 

Arreton  Down  Quarry  this  zone  is  found  superimposed  upon 
itst.  The  distinction  between  these  two  zones  rests  on  paltcon- 
ical  evidence  only. 

9  Chalk  with  BetemnileUm  is  directly  covered  by  the  Tertiariea, 
I  in  many  places  eroded  and  pierced  with  sand-pipes.     A  dee^ 
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cutting  in  the  high  road  sear  Apes  Down  ezhiHts  the  daEsling  h^ 
white  chalk  on  one  side,  and  the  dark  red  Woolwich  and  Beading  i:. 
Beds  on  the  other.  ri" 

The  following  conolnsionB  are  drawn  bjM.  Barroia : 

L — The  Oretaceons  heds  of  the  Isle  of  Wight  are  ci^ble  of  being  -i 
divided  into  the  same  palteontologioal  zones  as  those  of  the  North  or  ■: 
France  have  been  by  M.  Hebert.  ..v 

II. — ^There  are  three  beds  of  nodules  which  can  be  traced  fnm  -, 
one  end  of  the  island  to  the  other  that  are  of  stratigraphical  import-  k 
ance.  First,  the  one  at  the  base  of  the  Inoeeramus  lahiaims  mne^  -r, 
corresponding  to  the  Tottemhoe  Stone  of  Oxfordshire,  eta ;  secondlji  y> 
the  one  in  the  upper  part  of  the  Terehraitdina  graeilis  aone,  tha  u. 
<  Chalk  Bock '  of  Mr.  Whitaker ;  and  thirdly,  the  base  of  the  Holasim'  Z 
planus  zone.  3 

III. — The  form  assumed  by  the  chain  of  Cretaceous  hills  traTe»»  ^ 
ing  the  island  and  the  different  inclinations  of  the  beds  compoaiiig  '^ 
them  are  easily  understood  if  the  existence  of  the  font  above-  . 
named  faults  perpendicular  to  the  beds  be  admitted.  .. 

The  paper  is  illustrated  by  several  woodcuts  and  an  exceUenl  ;., 
coloured  map;  there  are  also  lists  of  the  fossils  obtained  by  M.  , 
Barrois  in  the  dififerent  zones.  B.  B.  W. 


Qboloqical  Sooibtt  of  London. — I. — January  5,  1876. — John 
Evans,  Esq.,  F.R.S.,  President,  in  the  Chair. — The  following  com- 
munications were  read : — 

1.  ^^  Historical  and  Personal  Evidences  of  Subsidence^  beneath  the 
Sea,  mainly  if  not  entirely  in  the  fourteenth  and  fifteenth  centuries, 
of  several  tracts  of  Land  which  formerly  constituted  parts  of  the 
Isle  of  Jersey."     By  R.  A.  Peacock,  Esq.,  C.E.,  F.G.S. 

In  this  paper  the  author  brings  forward  a  great  number  of  details, 
derived  in  part  from  personal  observations  and  in  part  from  ancient 
documents,  to  prove  that  a  considerable  submergence  of  land  has 
taken  place  round  the  island  of  Jersey  within  comparatively  recent 
times.  He  referred  principally  to  the  existence  of  a  submerged 
forest  in  the  Bay  of  St.  Ouen,  evidenced  by  the  existence  of  stumps 
of  trees  in  the  sea-bottom  there,  and  by  the  traditional  fact  that  up 
to  quite  a  late  period  fees  were  paid  for  privileges  connected  widi 
the  forest  of  St  Ouen,  although  the  forest  itself  had  long  previously 
disappeared  beneath  the  sea.  From  the  evidence  it  would  appear 
that  the  submergence  took  place  at  the  end  of  the  fourteenth  or  the 
beginning  of  the  fifteenth  century.  The  author  also  noticed  the 
occurrence  of  peat  and  submarine  trees  in  the  little  bay  of  Oreve 
de  Lecq  on  the  north  side  of  Jerse}',  and  especially  referred  to  the 
evidence  afforded  by  the  Ecrehous  rocks  and  Maitre  Isle,  there 
having  been  in  the  latter  a  priory  or  chapel,  supported  by  rents  de- 
rived from  the  parish  of  Ecrehous,  which  is  now  representeil  only  by 
a  small  islet,  with  the  ruins  of  an  ecclesiastical  building  upon  it,  and 
a  range  of  rocks  protruding  but  little  above  the  sea. 

^  See  Mr,  Danhy'B  letbet  on  the  Isle  of  Jeiaey  ml.biBTinss^Ms,'^  Ai^. — ^Ed.  Gbol.  Mao. 
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,  "The  Physical  Conditions  under  wjiich  the  Upper  Siturinn  and 
eeding  Palieozoic  Ilocts  wera  probably  ilep(«it«d  over  the 
ihem  Hemisphere."  By  Henry  Hicks,  Esq.,  F.G.S. 
t  this  paper  the  author,  after  pointing  out  the  linos  of  depreraioo 
^ned  in  hie  former  paper  to  the  Society,  now  further  elaborated 
news  then  proponnded  by  him  by  carrying  his  examination  into 
higher  Palseozoic  Eerica  and  into  more  extensive  areas.  Beginning 
he  top  of  the  Lower  Silnrion,  where  he  first  recognizes  any 
enoe  of  a  break  in  the  Palieozoic  rocks,  he  proceeded  to  show 
this  break  was  reatrioted  to  very  limited  areas,  and  almost  en- 
y  oonfioed  to  the  parts  which  had  been  firat  submerged,  and 
•re  the  ^^atest  thickness  of  aedimcnt  had  accumulated  on  both 
6  of  the  Atlantic,  and  hence  where  the  pre-Cainbrian  crust  had 
>me  thinneBt.  On  the  European  side  this  break  ocourred  where 
anic  aotioD  had  taken  place,  and  has  doubtless  to  be  attributed  to 
combined  action  of  npheaval  of  portions  of  the  ornst  and  the 
[nng  np  of  voloanio  material,  the  latter  in  some  oesea  forming 
xnic  ialeta  of  considerable  extent  He  strongly  objected  to  look 
B  these  breaks,  even  in  the  British  area,  where  the;  are  most 
Jrad,  aa  evidence  of  a  want  of  oontinnity  over  other  and  far  greater 
is;  or  to  admit  that  even  where  there  was  conformity  ia  the  rocks 
his  point,  "great  intervals  of  time  are  indicated,  unrepresented  by 
Ltifietl  formations."  The  c()nformity  found  in  extensive  and  widely 
arated  areas  is  proof  al»o  that  a  gradual  contraction  took  place  of 
enormous  portion  of  the  crust  in  the  northern  henusphere  in 
Ixozoic  times  ;  and  the  breaks  at  the  close  of  the  Lower  Silurian 
1  in  the  Devonian  are  not  indications  of  an  arrest  in  the  general 
isidence.  After  indicating  the  changes  which  must  have  taken 
<*  in  the  climate  from  this  gradual  spreading  of  the  water  and  the 
•lence  to  be  derived  from  the  consideration  of  the  deposits  and  the 
nas,  the  author  drew  the  following  general  conclusions  : — 
1.  That  tbe  condition  of  the  northern  hemisphere  at  the  beginning 
PalKozoic  time  was  that  of  immense  continents  in  the  higher  lati- 
lee,  traversed  by  mountainous  ranges  of  great  height,  but  with  a 
leral  inclination  of  the  surface,  on  the  one  side  {European)  to  the 
ith-west  and  south,  and  on  the  other  side  (American)  to  the 
ith-east  and  south. 

i.  That  these  continents  were  probably  covered,  at  least  in  their 
;her  parts,  with  ice  and  snow ;  and  that  much  loose  material  bad 
iseqoently  accumulated  over  the  plains  and  deeper  parts,  ready  to 
denuded  off  as  each  part  became  submerged.  This  would  account 
the  enermous  thickness  of  conglomerates,  with  boulders,  grits. 
i  sandstones,  found  in  the  early  Cambrian  rocks,  and  also  to  a 
■tain  extent  for  their  barrenness  in  organic  remains. 

3.  That  the  depression  over  the  Enrepean  and  American  areas 
LS  general  from  at  least  the  Intitude  of  30°  northwards ;  that  the 
rts  bordering  the  Atlantic  were  the  first  to  become  submerged  ; 
:  lower  latitudes  also  before  tlie  higher. 

4.  That  the  depression  could  not  have  been  less  altogether,  for 
)  whole  of  the  Palaeozoic,  than  50,000  feet;   and  that  conform- 
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able  sediments  to  that  eztanfc  an  foond  Ofw  tlioae  puts  of  the  ami  .-a 
first  8abiiia)ged,  and  which  remained  nndiaiiurbed.  That  Toleiip^ 
action  waa  diidfy  confined  to  paita  of  the  regiona  which  beoaMlic; 
first  sabmeiged.  That  the  immediate  oanae  of  theae  oatbante  wai  ir_ 
the  weakneaa  of  the  preOamhrkn  cnut  at  thoae  peii%  from  thts^ 
great  depieaaion  tiiat  had  taken  |daoe,  it  being  too  thin  thoe-G 
to  resist  the  mcamiie  from  within,  and  to  bear  the  weight  of  te  ^^ 
superinoombent  maaa  of  aoft  aediment.  ji  >= 

0.  That  the  aeat  of  volcanic  action  at  thia  time  waa  at  a  depth  aC  i^^ 
probably  not  leaa  than  25  milea,  aa  aedimenta  which  were  depceaadl  ^= 
to  a  depth  of  firom  9  to  10  milea  do  not  indicate  that  they  had  beaa  ^^ 
subjected  to  the  effect  of  any  great  ammmt  of  heat^  and  are  fiee  ,, 
from  metamorphinn.  -i^ 

6.  That  the  climate  at  the  early  part  of  Palnozoio  time  waa  OM  -„j 
of  very  oonaiderable^  if  not  extreme  cold,  and  that  it  became  gn^  ^ 
dually  milder  after  each  period  of  depreaaion.  That  towarda  tta  ^^ 
close  of  the  PaUeoaoio  epodi,  in  conaeqnenoe  of  the  elevation  of  veiy  ,. 
large  areas,  and  to  a  great  height,  the  climate  became  again  mm  ^^ 
rigorous  in  character.  i 

7.  That  the  variooa  changes  winch  took  place  over  the  nottfaam  ., 
latitudes  during  Laorentian  and  PalsBoaoic  timea  allowed  marina  ^^ 
and  land  life  to  develope  and  progress  in  those  areas  at  interropted   !^ 
periods  only ;  oonaeqoently  most  of  the  jHXigressive  ohangea  in  the   ; 
life  had  to  take  place  in  more  equatorial  areas,  where  the  sea-bottom    ^ 
was  less  disturbed,  and  where  the  temperature  was  more  equable.    .' 
Any  imperfection  therefore  in  the  Palseontological  record  belonging    ^ 
to  these  early  times  should  be  attributed  to  these  and  like  circum- 
stances ;  for  wherever  an  approach  to  a  complete  record  of  any  part 
of  the  chain  is  preserved  to  us,  the  evidence  points  unmistakably  to 
an  order  of  development,  through  a  process  of  evolution  from  lower 
to  higher  grades  of  life. 

II.— January  19,  1876.— John  Evans,  Esq.,  F.R.S.,  Preaident,  in 
the  Chair. — ^The  following  communications  were  read : — 

1.  ''On  some  Unicellular  Algie  parasitic  within  Silurian  and 
Tertiary  Corals,  with  a  notice  of  their  presence  in  Caleeola  aanda" 
Una  and  other  Fossils."  By  Prof.  P.  Martin  Duncan,  F.R.8., 
V.P.G.S.,  etc. 

After  noticing  the  works  of  Quekett,  Eose,  Wedl,  and  Kdlliker, 
which  refer  to  the  existence  of  minute  parasitic  borings  in  recent 
corals,  recent  shells,  and  a  few  fossil  mollusca,  the  author  describes 
the  appearance  presented  by  a  great  system  of  branching  canals  of 
about  0*003  millim.  in  diameter,  in  a  Thamnastraean  from  the 
Lower  Cainozoic  of  Tasmania.  He  then  proceeds  to  examine  the 
corresponding  tubes  in  Goniophytlum  pyramtdale  from  the  Upper 
Silurian  formation.  In  sections  of  that  Coral  one  set  of  tubes  runs 
far  into  the  hard  structure;  these  are  straight,  cylindrical,  and  con- 
tain the  remains  of  vegetable  matter.  Neither  these  tubes,-  nor  any 
others  of  the  same  parasite,  have  a  proper  wall;  they  are  simply 
excavations,  the  filiform  alga  replacing  the  organic  and  calcareous 
matter  abstracted.     In  some  places  the  dark  carbonaceous  matter  is 
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toit,  uiii  the  Inrnen  of  (he  tube  is  diBtinguiBliable  hy  the  ready 
nt§e  of  transmitted  light.  Other  tubes  run  ])BraI]cl  to  the  wall, 
d  eater  by  openinj^  not  larger  than  their  common  calibre.  But 
iit  are  others  which  have  a  larger  diameter,  and  io  which  the 
Eioptasm  appears  to  have  oollected  in  maaaeB  resembling  conidia ; 
d  where  fossilizalion  has  destroyed  much  of  the  continuity  of  a 
Ife,  A  series  of  dark  and  more  or  lew  spherical  bodies  may  be  §een, 

ftime  places,  especially  in  the  spacos  bt^tween  the  minute  curved 
isepiiDents  aod  tahulte,  hosts  of  globular  spores,  with  or  without 
bes  emanating  from  Ihem,  may  be  seen.  In  Caleeola  taiidalina 
mepoading  structures  exist  soiaetimes,  and  the  method  of  entry 

the  parasite  can  be  examined.  The  author  gave  two  inslanoes, 
e  of  which  was  seen  in  section.  A  decided  flask-sht^iBd  cavity 
isted  in  the  wall  of  the  shell,  opening  outwards  and  rounded  and 
wed  inwards.  It  was  crowded  with  globular  spores  (oospores), 
i  these,  ivhere  near  the  sides,  had  penetrated  the  hard  shell,  and 
OS  gave  a  rugged  and  hairy  appearance  to  the  outline  of  the 
«lc-ghaped  cavity.  After  noticing  minute  structures  in  a  Bra- 
i'jpoJ  included  in  a  Silurian  Coral,  and  in  a  Lower  Silurian  Fora- 
inifer.  tb.--  :inthor  nsa.'rtcd,  frnm  tbc  rosiilts  of  his  late  vi's.jHVches 
■oo  the  algiB  parasitic  in  Corals  out  of  bis  own  aquarium,  that 
e  fossil  and  recent  forms  are  analogous  in  shape,  size,  and  distri- 
iCion.  He  considers  that  the  old  parasite  reserahles  Saprolegnia 
roK  in  its  habit ;  and  as  he  considers  that  Emputina,  Sapro- 
jwia,  and  Achlya — members  of  the  Protista— are  the  same 
ganisms,  living  under  different  physical  conditions,  he  names  the 
d  form  Palaachlya  penetrana ;  and  he  believes  that  it  entered  the 
sU  by  the  spores  fixing  on  to  the  organic  matter,  and  growing  by 
I  aasimilation,  and  that  carbonic  anhydride  was  evolved.  He  con- 
ilere  that  this  acid,  assisted  by  the  force  of  growth  and  the  niove- 
eot  of  the  cytioplasm,  are  sufficient  to  account  for  the  presence  of 
le  tubes.  Finally,  the  author  draws  attention  to  the  probable 
milarity  of  external  conditions  in  the  Silurian  and  present  times, 
)d  to  the  wonderful  persistence  of  form  of  this  low  member  of  the 

2.  "  How  Anglesey  became  an  Island."  By  Prof.  A.  C.  Ramsay, 
L.D.,  F.R.S.,  V.P.G.S. 

■Rie  author  described  and  illustrated  by  sections  drawn  to  scale 
le  contours  of  the  island  of  Anglesey  and  the  adjacent  parte  of 
srnarvonshire,  and  noticed  that  the  whole  island  may  be  regarded 
I  a  gritty  undulating  plain,  the  higher  parts  of  which  attain  an 
fera^  elevation  of  front  200  to  300  feet  above  the  sea-level, 
imilar  conditions  are  presented  by  the  country  for  some  miles  on 
le  other  side  of  the  straits,  and  in  both  the  general  trend  of  the 
dleys  is  north-east  and  south-west.  The  rock  surfaces,  when  bare, 
low  glacial  stris  running  generally  in  a  direction  30°  to  40°  west 
'  south. 

The  author  indicated  that  the  great  upheavals  of  the  crust  of  the 
uth  forming  mountains  took  place  long  before  the  commencement 
f  the  Glacial  epoch,  and  that  ordinary  agents  of  denudation  had 
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ample  time  for  the  fonnation  in  mountain  regions  of  deep  yalleyi,  -- 
down  whiohy  during  the  Olaoial  epoch,  glacien  would  take  tlMir  '^ 
course.    He  noticed  the  evidenoe  of  this  local  glaoiation  fomlBhed  -= 
by  the  striation  of  the  Welsh  monntaina,  from  which  he  infemd  - 
that  these  mountaina  aa  a  whole  were  not  overridden  hj  a  grert  ^ 
ice-sheet  coming  from  the  north,  and  he  deearibed  the  conrae  of  the  ^• 
glaciers  flowing  from  the  north-west  slopea  of  Snowdonia  aa  being  - 
in  the  directions  west,  north-west,  and  north.     These  glaoiei%  -^ 
however,  did  not  reach  the  region  now  occapied  by  the  Menai  Straiii,  -: 
but  spread  out  in  broad  fans  on  the  north-western  slopea  of  the  hiDi  -i 
now  overlooking  the  Straits,  a  fact  indicated  by  the  directions  of  *: 
the  glacial  strin  in  these  parts.     Anglesey,  therefore,  was  not  .• 
glaciated  by  ice-masses  coming  from  Snowdonia ;  and  as  the  stria-  i 
tions  on  that  island  point  directly  towards  the  moontains  of  Ctmi-  ' 
berland,  the  author  inferred  that  these  markings  were  produced  by 
a  great  ice-flow  coming  from  that  region,  reinforced  probably  l^  ; 
ice-streams  from  the  nordi  of  Scotland,  and  which  were  large  and 
powerful  enough  to  prevent  the  glaciers  of  Llanberis  and  Nani* 
flrancon  from  encroaching  on  the  territory  of  Anglesey. 

The  author  described  the  rooks  bordering  the  Straito  as  oonsistiiig  '■ 
of  nearly  horizontal  Carboniferous  strata,  which,  from  appearances, 
must  once  have  filled  the  whole  of  the  region  now  occupied  by  the 
straits.  He  considered  that  the  softer  shaly,  sandy,  and  marly  beds, 
remains  of  some  of  which  are  still  to  be  seen  on  the  coast,  were 
swept  away  by  the  action  of  the  great  glacier  coming  frt)m  the 
north-east,  forming  a  valley  now  occupied  by  the  sea ;  and  in  sup- 
port of  this  view  lie  cited  the  valley  of  Malldraeth  Marsh,  nmning 
across  Anglesey,  parallel  to  that  of  the  Menai  Straits,  about  4  miles 
to  the  north-west,  which  a  very  slight  change  in  conditions  would 
convert  into  a  i^ord,  differing  from  the  Straits  only  in  being  closed 
at  the  north-east  end. 


ooi^i^Es:po3srDE3srcE- 


[The  subjoined  letters,  from  the  Rev.  J.  F.  Blake  and  Prof.  G.  A. 
Leboub,  were,  by  an  oversight,  omitted  to  be  published  in  last  month*s 
Magazimb  ;  the  Editor  begs  to  apologise  for  the  unintentional  delajf 
which  has  occurred.'] 

LOWER    SILURIAN    FORAMINIFERA. 

Sib, — In  some  thin-bedded,  finely-laminated  shales,  referred  by 
the  Oeological  Survey  to  the  Caradoc  series,  at  a  spot  about  eight 
miles  east  of  Aberystwith,  in  the  neighbourhood  of  the  lead-mines, 
I  noticed  a  slab  covered  by  numerous  hollows,  coloured  red  as  if  from 
oxide  of  iron,  and  of  an  elongated  shape.  On  examining  these 
hollows  more  carefully  with  the  microscope,  several  of  them  present 
most  perfect  outlines  of  Dentalian  Foraminifcra,  and  two  in  particu- 
lar present  that  peculiar  tubular  elongation  for  the  main  foramen » 
which  ia  denoted  by  the  term  Ectosalenian.    The  walls  between  the 

indicated  in  several,  though  obscurely,  the  sub- 
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■hnce  of  the  ehell  haviiig  in  all  cases  perished.  The  most,  perfect 
«r  these  bollow  caste  ooiild  not  be  diHtinguished  from  that  of  Denta- 
contmunig,  and  I  could  venture  to  oame  otlior  forms,  Ijut  with 
certainty, 

X  1  am  not  aware  that  we  have  any  recorded  instances  of  Forami- 
■fna  of  this  modem  type  occnrring  eo  low  down  aa  the  Loner 
"""  ian  in  Britain,  though  they  have  been  found  in  rocks  of  this  age 
I  m  BuBBia.  I  think  the  feet  of  suEScJent  interest  to  bo  noticed,  giving 
n,  as  it  does,  so  good  an  idea  of  the  persistency  of  lowly- organized 
fife  from  epecimens  in  oar  own  countiy.  The  slab  is  marked  on  the 
other  side  with  the  tracks  of  Nereilea  Sfdgwiekei,  and  is  now  in  the 
Uaseam  of  tha  Univeraity  College  foi  Wales. 
AttHYMTti-m,  J-  F.  Blake. 

X«wtii>i*T,  1876. 

RANGE  OF  SACCAMMIHA  CJETEltl,  BKADT. 

Sir, — If  Mr.  Beanie  had  read  the  note  he  quotes  in  its  proper  as- 
■Qciation,  I  think  he  would  not  have  written  the  letter  which  appears 
io  the  Janaary  Number  of  the  OboloqicalMaqazinb,  though  we,  its 
RederB,  might  thereby  have  lost  a  valuable  contribution  to  our  know- 
ledge of  the  distribution  of  Saccamminn. 

The  text  of  my  paper  ruiis  tliu,« ;  "Nearly  .ill  the  or^aniMus 
which  it  was  supposed  characterized  the  Yoredales  in  Northumber- 
land have  now  been  found  in  the  lower  beds  of  the  Carboniferous 
Series.  .  -  ."  Then  comes  the  note  ;  "Up  to  the  present  time,  the 
well-marked  foraminifer  Saeeammina  Carteri,  Brady,  is  apparently 
limited  to  a  bed  in  the  Upper  or  Yoredale  part  of  the  series,  viz. 
the  Four-fathom  Limestone."  (Qeol.  Mao.,  1B75,  Deo.  II.  Vol.  II. 
pp.  542,  643.) 

It  will  be  seen  that  the  words  "  in  Northumberland  "  apply  equally 
to  the  note  and  to  the  t«st.  And  as  Saeeammina  has  neeer  yet 
&«*n  found  out  of  the  Fow-fathom  Limettone  in  Norlhamberlaad,  the 
tiatement  needs  no  correotioii. 

If  Mr.  Bennie  will  turn  to  page  329  of  the  "  Geological  Record" 
for  1874,  he  will  see  an  abstract  of  Mr.  Tonng's  paper  on  Saeeam- 
nt'iM,  signed  by  myself.  The  explanation  of  Sheet  23  of  the  Geo- 
k^cal  Survey  of  Scotland  has  likewise  been  known  to  me  ever  since 
its  issue,  and  the  localities  for  Saeeammina  duly  noted. 

That  the  exact  horizon  of  the  Dunbar  locality,  which  I  had  been 
given  to  nnderstand  was  considered  as  doubtful,  has  been  satisfac- 
torily determined,  I  am  exceedingly  glad  to  hear ;  the  more  so  as 
perhaps  the  most  remarkable  specimen  of  tbe  fossil  in  question 
whic&  has  yet  been  found  is  one  which  was  collected  in  that  neigh- 
bourhood many  yeara  ago  by  Mr.  F.  M.  Balfour,  of  Ttinity  College, 
Cambridge. 

Far  from  imagining,  as  Mr.  Bennie  seems  to  imply,  that  Saeeam- 
mina was  limited  to  one  horizon  out  of  Northumberland,  I  have  for 
the  last  few  years  followed  with  great  interest  the  almost  daily  in- 
crease of  its  known  range,  both  geographical  and  geological. 

I  think  that  when  Mr.  Bennie  sees  the  list  of  looalities  in  which 
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'¥'-2&  I  n  B  B.  Z  BOHUb  iR  B  'iqBiK  «li  m^BBinli  ond  by  me 
JL  39^  ift -te-  m^BBOH  joBC  ^pi  BBvi  W  Ae  kte  :SrB.  Hurchi- 
«UL  Bu.  ^  -ZlaEs  LbbL  iiijmrliiiii  vbj  sBiIar  to  tiiOB  iMed  by 

iir  jjirfc  wad.  ZsSS&.  Ti  -iAb  •iftyBBB  I  pad  B>  attoitioii,  partly 
mi  X  pKBOLv  bb£  Ib  ba.  iBi  fsdy  beasM  I  fiu  gawially  em- 

JL.  ^»±BB  jfiMf  friB  Mv^ac  tikat  affMBB  in  Mr.  Jndd*t  paper, 
-SI3&  ^smmt  BB9K  iiiniJiiB  aaa  I  «ai3wBd  the  funnation  of  oU  rock- 
3«:iciii  iMEEKBBZB  X  ^i»  acQia  '^gSaeienL  in  cpite  of  a  statement,  in 
i  ii:iB  a  -ne  :rtrn»k  3itfDik:ir.  BB  -^  Bany  lie  in  craters  of  extinct 
-^■i.'-w.TK.  iciiii*.  31:  amce  is  anas  of  ^Kisal  subsidence,  and  otlien 
HiLj  'i«  nu  X  aoaes  ^  w^ich  I  know  nothing."  In  the  same 
3itrmuir  I  uc  =x  fe^visnZ  pLues  inaiss  on  the  occarrenoe  of  moraine- 
rifc.Ti  TiHti  jikssv  Bii  JUBO  jpeak  of  others  dammed  up  by  irregular 
ii:%:>OLizjiaL:K  it  '^  cocnsil  drifts  of  the  Glacial  epoch. 

T!ii*  saai«  ai:cs  az«  a^ain  insisted  on  in  my  *'  Physical  Greology  and 
•ij4«.-*.£rsr£.j  it  *irrsu  S^diEL"  with  the  addition  of  lakes  dammed  by 
^:»xirs :  sz»i  c«3SDiA!L  tt>  pivTvnt  all  misconception.  I  mentioned  the 
Arri.:a&  uka&  all:>>£d  to  by  Mr.  Jndd,  as  probably,  in  my  opinion, 
lice  :be  Ok^ui.  b^inf  pans  of  old  sea-bottoms.  I  should  certainly 
c-^rer  haTw  tet«&  «o  vxM  as  to  attribote  the  hollow  of  the  Dead  Sea  to 
^IwLiI  «r.>st>:n.  though  Mr.  Jndd  seems  to  think  that  some  persons 
=LiT  -3?  jo^  confining  myself  as  I  did,  and  do,  to  the  "origin  of 
ceruiin  likes  **  in  well-recognized  glaciated  regions. 

Secondly,  it  seems  strange  to  me  that  Mr.  Judd  should  have  selected 
Like  Balaton  as  a  crmcial  test  to  the  theory  of  ice  erosion.  I  never 
knew  any  one  who  denied  the  well-known  fact  that  lakes  may  be  and 
h^ve  been  formed  by  subsidence  in  volcanic  areas.  I  have  seen 
•jximples  of  socht  and  have  read  of  and  believed  in  many  others,  both 
in  Europe  and  America.  Earthquake  shocks  have  also  been  known 
to  produce  changes  of  level  that  gave  origin  to  lakes,  and  ordinary 
landslips  do  the  same.  That  there  are  great  areas  of  inland  drainage 
fi;ll  of  Rait  lakes,  some  of  them  below  the  level  of  the  sea,  is  another 
piece  of  popular  knowledge,  and  I  never  heard  of  any  one  who 
attributed  ali  of  these  hoUowa  to  glsKSVoX  otodoii. 
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AU  these  kiads  of  lakes  and  m&ny  others,  "  on  the  origin  of  which 
I  know  noihing,"  have  however  fio  conclusive  bearing  oo  the 
vocarreDce  of  auoh  a  vast  number  of  rock-boond  lake-basing  in  all 
eaantries  tliat  I  have  oxarained  wbieh  have  been  covered  more  or  less 
by  iBZjre  glaciers,  and  their  comparative  absence  in  regions,  however 
mach  disturbed  their  rocks  may  be,  which  have  not  undergone 
lllaciation ;  and  I  would  ask  any  one  who  oounts  all  the  lakes  and 
Iftkeleta  visible  from  the  top  of  Suilven  and  other  Scotch  mountains 
to  ask  himecif  if  he  oan  rationally  account  for  them,  scattered  as  they 
■n  broadcast  over  the  plBl«aas,  and  in  the  deeper  glacier- valleys,  on 
the  hypothesis  of  movements  in  the  rocks  of  the  ooimtry,  specially  suit- 
•Ue  for  the  production  of  a  crowded  series  of  lakes  targe  and  small  ? 

It  wuld  also  be  an  iuterestlng  exercise  to  count  the  lakes  in 
Lewes,  a  great  many  of  which  have  been  proved  by  a  "Scotch  geolo- 
gic "  iaha  rock-bound  basins,  and  to  account  for  them  in  that  low 
iiUtu]  by  one  or  more  special  disturbances  of  the  rocks. 

Authority  in  mattera  of  faith,  whether  geological  or  otherwise,  is  a 
most  important  element,  and  the  authority  of  all  "  the  distiuguisbed 
pologista  in  Qermauy,  Switzerland,  France  and  Italy,"  "  with  one 
■oUtuy  eiception,"  is  addaced  to  show  that  "  the  hypothesis  of  the 
glacier-erosion  of  the  basins  "  of  the  Alpine  lakes  is  "  both  unneces- 
sary and  inadequate."  I  presume  that  solitary  esception  to  bo  niy 
distinguished  friend  Gastaldi,  who,  after  holding  an  opposite  opinion 
iat  years,  at  length  adopted  my  views  in  a  frank  aud  courageous 
inuiner.  But  that  high  authority  i?  not  a  "  solitary  exception."  I 
oootd  name  another  Italian  geologist  of  weight,  who  years  ago 
adopt«d  my  views  with  regard  to  the  Alpine  lakes,  and  there  may 
be  more  of  them  for  aught  1  know  to  the  contrary.  As  yet,  however, 
inch  avowed  authorities  are  scarce  on  the  Continent  of  Europe ;  but 
ye»r8  ago  1  was  told  by  a  well-known  Swedish  geologist,  that  he 
never  understood  the  meaning  of  many  of  the  lakes  of  that  country 
till  be  read  my  paper.  English  geologists  will  probably  soon  have 
sn  opportunity  of  reading  more  ujion  the  subject  froni  another 
Scmodinavian  geologist,  who  lately  wrot«  to  me,  that  the  mode  of 
formation  of  such  lakes  and  the  basin-shaped  inner  depths  in  Fjords, 
on  any  other  hypothesis  than  mine,  reduced  the  subject  to  "  mcro 

Mr.  Judd  writes  of  "  the  strenuous  effort*  which  have  recently 
been  made  to  resuscitate  the  doctrine  of  the  erosion  of  lake-ba&ios 
fay  ioe."  The  doctrine  not  only  did  not  die,  but  it  did  not  even  fall 
asleep.  First,  it  was  immediately  accepted  by  Jukes,  Tjudall,  and 
Hnilcy,  fiflMTi  years  ago,  and  since  then  my  adherents  have  cou- 
sLiiiilt  ii]ii"'i-..i1.  Among  them  I  may  count  Dr.  Newberry  nnd 
others  in  the  United  (States,  a  result  that  in  some  oases  was  probably 
kelped  fay  the  unsolicited  republication  of  my  original  memoir  in 
Siltiman's  Journal  in  1863.  Next  came  the  late  Sir  Wra.  Logan,  and 
the  well-known  geologists  in  New  Zealand,  some  half  dozen  in  num- 
ber ;  also,  one  of  the  best  geologists  in  India,  if  not  more ;  and  more 
geologists  in  Britain  than  I  care  to  count,  the  names  of  some  of 
whom  are  widely  known  wherever  geology  is  cultivated.  In  fact,  I 
have  every  reiSBon  to  btt  more  tbaa  salisfied  with  tlie  progcofis  Q^  '«V'&^> 


3fr.  JikU  calk  a 
iri-.vfn-  rf^iFiiln^im,*  lad  I  Ank  I  an  jailified  m  olliBig  tiieni  a 
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fsll  g!*?wij^  it  act  ^igreedUg  tt>Me>  i^i  ir  wai  with  |ikaiiini  that 
tjza  k^t^a^iadsfaateoaoo^of  lIr.Waid's]Hpenal^Gao]og^ 
SrcE-HT.  I  kfluni  mj  ahmrs  tuailmi  aad  i  WMiilrnl  oppooeat  Mr. 
Br-cE*^  TJrfd  the  qacgioal  aa  I  aialniitowl  hiai,  as  fig aa the  Cfliber- 
lac-i  liket  an  ejucgineiL  thoagh  he  named  thoM  of  Italy. 

I;  is  BOW  derea  jena  abiea  I  replied  to  die  obfeetkaia  laiied  to 
mr  cheiXT  hr  Sir  Chaiies  LyelL  It  ie  qaile  ouoUaij  to  my  oidioaiy 
h&bhs  to  iadalge  in  soeotific  eoBftrevcnr,  or  to  tro^ile  myadf  aboat 
objecconaadobjeGtioDe^iwlingsaiethalif  atheoiyfaegood,  it  will  in 
the  long  nai  ^wed  well :  if  had,  it  will  &.  I  also  bdiere  that  op- 
p:«iuoQ  at  firtt.  aad  a  lalweqacnt  slow  aad  growing  accretion  of  ad- 
herenta.  is  fmr  becto*  and  moie  darabie  than  hasty  aoceptaaoe;  and  I 
woold  not  hsTe  written  diis  letter,  had  it  not  been  diat  I  am  weaiy 
of  every  now  and  then  being  accaaed  of  attribating  the  origin  of  aU 
rcck'boond  basins  to  glacial  eroeioB,  or  of  its  being  left  to  inferenoe, 
that  I  may  be  one  of  those  who  belieT^  '-  diat  all  the  existing  lake- 
basins  are  to  be  assomei  to  have  been  prodaoed  by  ice-eroskm." 

After  a  caiefhl  reading  of  Mr.  Jodd*s  pi^r,  I  feeU  with  othen, 
tLit  his  arguments  are  Teiy  far  from  having  ^'  dewumtirated  that  the 
ba>ins  of  the  largest  lakes  in  oor  own  islands,  in  the  Alpine  r^ons 
of  Europe,  and  in  equatorial  Africa,  respectively  [this  last  no  one 
that  I  know  ever  supposed].  coM  aof  potsibiif  have  been  formed  by 
the  supposed  excavating  power  of  ice."  Some  persons  may  also 
perceive  that  a  definite  erosive  power,  whether  adequate  or  not,  was 
in  my  case  cited  in  given  regions  in  which  no  one  denies  the  former 
existence  of  that  power ;  whereas  in  the  other  case  of  rock-bound 
lakes  in  old  glacier  non-volcanic  regions,  disturbances  of  rocks  have 
to  be  assumed  without  the  possibility  of  special  demonstration,  at  all 
events  in  a  prodigious  number  of  cases.  Andrew  C  Bamsat. 

Postscript. — The  matter  seems  to  me  to  bear  a  resemblance  to  the 
long  celebrated  case  of  Touchstone  rerstu  "  a  certain  courtier,"  in  re 
*'  the  cut  of  a  beard."  I  assert  that  my  lakes  are  very  "  well  cut" 
The  objector  replied  in  the  terms  of  '*  the  third  degree,"  and  thus 
''  he  disabled  my  judgment."  In  our  case  the  altercation  may  stop 
here  without  any  danger  of  its  being  continued  as  far  as  "the  seventh 
degree."  Mr.  Judd^s  argument  seems  to  allow  that  there  is  "  much 
virtue  in  if"  Lake  Balaton  was  formed  so,  and  if  so,  then  the  pre- 
sumed glacier-scooped  lakes  were  in  his  opinion  formed  more  or  less 
like  Lake  Balaton.  What  I  said  I  said  clearly,  and  made  certain 
reHcrvations.  Mr.  Judd,  satisfied  with  his  judgment,  as  I  am  with 
mine,  makes  no  reservations  of  any  value  in  my  favour,  and  I  shall 
be  well  content  to  let  the  matter  rest  there.  Let  it  be  hoped  that  we 
have  "  measured  (s)words  and  parted." — ^A.  C.  E. 
Okolooical  Survey  Office, 
Mvhmvm:  Jemmyk  Stssbt,  S.W. 
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OBIGIN  OF  LAKE  BASINS. 

StB, — I  olwerve  that  Mr.  Judd,  in  the  Jauuaiy  Number  of  the  Geo- 
u>oiflAX  U&C.AZIXE  ("On  the  Origin  of  Lake  Balaton  in  Hungary"), 
iserts  that  he  has  "  demonstrati^d  that  the  basins  of  the  largest  lakes 
in  onr  islands,  in  the  Alpine  regions  of  Europe,  and  in  equatorial 
AA^ca,  respectively,  covld  not  poesiblij  have  been  formed  hy  the  sup- 
po«ed  excavating  power  of  ioe."  (The  italics  are  Mr.  Judd's.)  He 
OH  also  "  shown."  he  says,  '■  lUat  in  each  of  these  cases  there  is  the 
ttrongest  ground  for  believing  the  districts  in  question  to  have  been 
gabjected  to  |)ower^I  subterranean  movements ;  and  that  these  were 
quite  competent  to  produce  the  depressions  in  question."  Finally, 
he  vrftxes  still  bolder  in  the  statement  of  his  beliefs,  and  is  evidently 
of  opinion  that  all  smaller  rock-bnsins  must  have  originated  in  the 
nme  way.  What,  then,  is  that  magic  process  of  reasoning  which 
has  enabled  Mr.  Judd  to  arrive,  with  so  much  confidence,  at  these 
DDcompromising  and  comprehensive  conclusions,  and  the  cogency  of 
which  has  appeared  to  him  so  great  as  to  justify  some  very  positive, 
not  to  sny  dogmatic,  utterances,  and  a  general  oracular  tone  which 
is  surely  radier  de  trap?  Briefly  stated,  his  argument  is  as 
followB  :— 

Lake  Balaton  (30  or  40  feet  in  depth)  occupies  a  depression,  the 
longer  axis  of  which  coincides  with  a  line  of  volcanic  action  ;  Lough 
Neagh  probably  lies  in  a  preglacial  hollow  ;  the  Valley  of  the  Jordan, 
with  its  lakes  (Merom,  l^berias,  and  Asphaltites),  is  probably  an  area 
of  subsidence :  Victoria  Nyanza  may  perhaps  owe  its  origin  to  vol- 
canic disturbances : 

These  lakes  represent  the  principal  types  of  lake-basins  which 
exist  upon  the  earth  : 

Therefore  rock-basins  "  may  have  had  their  wigin  In  those  changes 
of  level  resulting  from  the  subterranean  movements  which  have 
accompanied  volcanic  action  ;  "  and,  "  a»  a  matter  of  fact,  the  largest 
lakes  in  the  British  Islands  and  in  the  Alpine  regions  of  £urope, 
respectively,  and  not  improbably  the  vast  sheets  of  water  in  Central 
AMca  also,  haet  beet  so  formed,  and  cmdd  not  posiiblg  be  the  result 
of  glacier-erosion."     (These  italics  are  mine.) 

This  is  certainly  a  remarkable  argument,  but  of  a  kind  which,  if 
it  were  taken  for  a  model,  might  lead  to  curious  results.  For  ex- 
ample, it  would  not  be  difficult  to  "  demonstrate,"  after  this  manner, 
that  all  men  are  bom  in  lawful  wedlock.     Thus  : — 

A  is  a  good  man,  B  is  a  bad  man,  C  is  neither  good  nor  bad  but 
indifferent :  all  three  may  have  been,  and  were,  1  believe,  bom  in 
lawful  wedlock ; 

A,  B,  and  C  represent  very  fairly  the  principal  types  of  men  ; 

Therefore,  men  may  have  been  horn  in  lawful  wedlock,  and,  "  as  a 
matter  of  fact,"  all  are  l^timat«,  and  none  can  possibly  be  the  off- 
■pring  of  unmarried  parents. 

Now  I  ask  whether  this  brilliant  syllogism  is  a  whit  less  feebly- 
forcible  and  convincing  than  the  ailment  upon  which  Ur.  Judd 
has  founded  so  much  strong  language.  Exception  might  easily 
be   taken    to    many    of    the    author's    statements,    but   it    is    not 
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necessary  to  go  over  his  paper  in  detaiL  He  has  advanced 
nothing  new — ^nothing  whiob  has  not  already  been  answered 
by  Professor  Bamaay  and  others.  One  oannet  help*  remarking,  how- 
ever, that  it  does  seem  strange  that  he  should  qni^y  ignore  the  fiut 
that  no  supporter  of  the  glacial  erosion  theory  has  ever  asserted  that 
all  rock-basins  are  of  g^adal  origin.  WUl  he  kindly  idl  us  what 
glacialist  has  expressed  disbelief  in  the  existenoe  of  special  areas  of 
subsidence,  or  which  of  us  has  maintained  that  volcanic  action  and 
the  movements  accompanying  that  action  cannot  possibly  have  re- 
sulted in  the  formation  of  lake-basins.  Be  states  that  I  appter  to 
assume  that  faulta  *'  can  produce  no  effect  at  the  BOJthae.**  I  neither 
assume  nor  assert  that  such  is  the  case,  as  any  unprejudiced  reader 
of  the  passage  referred  to  by  Mr.  Judd  cannot  fiul  to  see.  Professor 
Ramsay  and  they  who  follow  him  have  all  along  been  carefol  to  ad- 
mit that  lakes  are  by  no  means  exclusively  of  glacial  origin.  They 
have  not  ridden  their  hobby  to  deaths  but  this  is  just  what  ICr.  Judd 
has  done  with  his  along  the  shores  of  "  Lake  Balaton  in  Hungary." 

GsOLOOIOiX.  SVBTBT,.  PbKTB,  JaMMS   GBjJUb. 

3lit  Janutuj^  1876. 


MIL  JUDD  AND  THE  6KLAGIAL  EROSION  OF  LAEES. 

Sib, — ^I  have  read  Mr.  Judd's  paper  on  the  origin  of  Lake  Balaton 
in  Hungary'  with  interest,  and  also  his  concluding,  observations,  in 
which  he  proceeds  to  argue  from  the  special  to  the  general  against 
the  views  of  the  "  Scotch  Greologists  "  regardmg  the  glacial  origin  of 
lakes.  I  think  it  will  occur  to  most  readers,  that  however  ably  Mr. 
Judd  has  stated  his  case,  his  conclusions  are  not  warranted  by  his 
facts ;  and  that,  in  bringing  the  cases  of  certain  large  lakes  in  Ireland, 
Hungary,  the  Holy  Land,  and  Central  Africa,  as  evidences  against 
the  truth  of  the  views  propounded  and  illustrated  by  Professor  Bam- 
say,  he  has  not  kept  within  that  logical  groove  of  reasoning  for  which 
most  of  his  papers  are  distinguished. 

Without  wishing  to  enter  the  lists  with  the  author  of  the  paper,  I 
venture  to  state  two  or  three  points  on  which  his  conclusions  are,  as 
it  seems  to  me,  open  to  objection.  In  summing  up  he  says  :*  "  We 
have  demonstrated  that  the  basins  of  the  largest  lakes  in  our  own 
islands,  in  the  Alpine  regions  of  Europe,  and  in  equatorial  Africa,  could 
not  possibly  have  been  formed  by  the  supposed  excavating  power  of 
ice.  We  have  also  shown  that  in  each  of  these  cases  there  is  the 
strongest  ground  for  believing  the  districts  in  question  to  have  been 
subjected  to  powerful  subterranean  movements  ;  and  that  these  were 
quite  competent  to  produce  the  depressions  in  question."  Well,  we 
may  admit  that  Lough  Neagh,  Lake  Balaton,  the  great  African  Lakes, 
and,  I  will  add,  the  Dead  Sea  and  Jordan  Valley,  were  not  and  could 
not  have  been  formed  by  glacial  erosion.  But  after  this  admission,  does 
it  by  any  means  follow  that  Loch  Lomond,  Lough  Doon,'  Winder- 
mere, the  Welsh  tarns  and  lakes,  and  some  of  the  lakes  on  both  sides 
of  the  Alps,  were  not  so  formed  ?   Surely  Mr.  Judd  will  not  venture 

1  Gbol.  Mao.  No.  139,  January,  1876,  p.  5.  ^  Ibid,  p.  15. 

*  See  J.  Geikie,  *<  The  Great  Ice  Ago,*'  p.  294. 
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an  ancb  a  ooaclasiou ;  nor  will  ntiy  one  who  has  had  a  wide  experieiico 
of  the  waya  and  oieans  by  which  terrestrial  features  hnre  been 
nodeiled-  Dame  Nature  is  not  bo  short-handed,  that  where  one  ngency 
Guls.  she  cannot  find  another.  If  Vulcan  is  at  woik  in  one  place,  bo 
ilfo  is  ihe  Ice  King  of  the  North  in  another.  For  my  part,  I  believij 
that  in  the  fonnation  of  lakes  numerous  phyeicat  causes  h«ve  tit 
nrious  times,  asd  in  divers  places,  come  ititu  play.  In  the  Jordan 
Valley  it  iBny  be  ooncluded.  from  tlie  scanty  obeervattone  of  travellers 
regu^Dg  it«  geelogy,  that  there  hoii  been  a  great  fmoture  ranging 
ilo^  the  b&se  «f  the  HoabJte  table  land.  Tu  the  ease  of  Balaton 
I^ke  there  may  hare  been  a  aubttideuce  in  a  volcanio  distriet ;  in  that 
of  Lougli  Ncagh,  fractures  of  the  strata  before  the  Glacial  Period  ;  in 
many  large  lakes  in  the  centre  of  Ireland,  there  has  been  the  dissolu- 
non  of  the  liiaeBtono  by  water  chained  with  carbonic  acid  gns ;  and 
in  the  Cheshire  plains  there  has  been  subsidence  due  to  the  melting 
of  subterranean  beds  of  salt,  as  Mr.  Ormerod  lung  since  suggested. 
These  are  all  diverse  processes  by  which  lakes  are  formed  by  other 
fiian  glacial  erosion.  But  none  of  them  apply  in  the  oaaefl  of  tlie 
tock'basina  of  British  mountains  amd  other  districts  where  the  evi- 
dences of  glacial  erosion  are  so  striking,  and  where  there  are  no 
STidences  of  recent  fractures  of  the  strata,  nor  of  volcanic  terrt'slrijil 
movements,  nor  of  solution  of  calcareous  beds,  nor  of  solution  of  beds 
of  salt.  On  the  other  hand,  in  default  of  other  agencies,  we  are 
forced  to  recognize  the  influence  of  those  which  have  evidently  been 
at  work  in  these  districts;  and  I  cannot  think  that,  in  throwing  over 
to  completely  the  theory  of  glacial  erosion  for  all  lakes,  Mr.  Judd 
has  BufHciently  weighed  the  grounds  for  its  acceptance,  which  have 
from  time  to  time  t>een  advanced  by  its  author,  Professor  Ramsay,  or 
bf  those  who  support  his  views,  euch  as  Gastaldi  of  Turin,  or  James 
Geikie  amongst  tiie  "  Scotch  Geologists." 

I  may  observe,  in  conclusion,  that  both  in  the  original  memoir  in 
4e  Journal  of  the  Geological  Society,  and  in  the  i'ltyBtcnl  Oeologij 
of  Great  Britain,  Professor  Samsay  especially  eliminates  "crater- 
lakee,  lagoons,  and  the  lakes  of  Central  Africa,"  from  the  olass  of 
lakes  to  which  his  theory  applies;  so  that  Mr.  Judd's  objection  has 
been  anticipated  by  the  author  of  the  theory  himself.  (Phys.  Geol. 
»nd  Geog.,  3rd  ed.  p.  173.) 

OEOLoaiCAL  SuaTiT  OmcB,  CuBLnt,  Edwaed  Hull. 

Janmiy,  1876. 


ME.  JUDD  ON  GLACIAL  EROSION  AND   SUBAERIAL  DENUDATION. 

Sir, — To  fight  other  people's  battles,  especially  when  the  other 
people  are  perfectly  well  able  to  take  care  of  themselves,  is  palpably 
nnnecessary,  and  might  smack  of  meddlesome  interference  ;  besides 
well-intentioned  advocacy  is  liable  to  damage  even  a  good  case, 
anleas  the  advocate  is  specially  fitted  for  his  task ;  and  then — but 
no,  I  won't  go  on.  I  have  given  reason  enough  why  I  should  not 
try  to  discuss  the  arguments  advanced  by  Mr.  Judd  in  your  January 
Knmber  against  the  theory  of  the  Uhicial  Erosion  of  Rock  Basins. 

But  there  are  one  or  two  points  in  that  paper  wUlcU  I  do  feel  leas 
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diffidence  in  jyfwoni'iiing.  II1&  n  ]>^BB  pactioB  of  Mr.  Jndd'B 
remarks  I  am  oowMffnt  dat  a  ynrj  eooadenUe  majority,  if  not 
all,  eT«of  thesMMlcntiMMiailio  anppoitsnof  tiie  tlieoij  (^  Gladal 
Erosion  and  of  dw  dodiine  of  die  acnl|iliiiing  powor  of  Snbaerial 
Denodation,  will  moal  coidiaUy  agree;  indeed,  if  a  finr  pwagraphs 
had  been  omitted,  I  dodbi  if  anj  one  would  liave  been  fomud  to  raiao 
a  word  gainst  the  peper.  Baft  in  his  anzieily  to  make  his  azgnments 
as  clendiii^  as  poasiblo,  Hk.  Jndd  seeaBS  to  ma  to  have  leeorted  to 
that  easy  and  afe  way  of  siMwring  a  trimnph,^  iriiioh  oonsists  in 
setting  up  a  dummy  adTKsaiy  in  oidar  to  haim  die  satisfaotion  of 
knocking  him  down  sgmn. 

Two  cUiwww  of  geologists  are  allnded  to  who  appear  to  me  to  be 
pure  phantoms  of  the  imagination.  "Ae  first  are  those  who  hold 
that "  all  die  exisdng  iodc4ia8ins  hare  been  piodnoed  by  ioe  erosion." 
Where  are  these  exqoisile  specimais  of  the  man  of  one  idea  to  be 
foand?  Who  erer  said  that  Lake  Balaton,  Loogh  Neagh,  die  Dead 
Sea,  or  die  Yictorta  Nyansa  were  excavated  by  glaoiers? 

What  I  most  lode  npon  as  the  second  dummy  is  the  geologist  who 
asserts  that  ^  the  prodoction  of  the  fimtmes  of  die  earu's  sorfiioe  is 
entirely  doe  to  the  action  of  dennding  agents,  and  that  subterranean 
foices  have  played  no  part  whatever  in  the  matter."  H^re  again  I 
don't  know  where  to  lay  my  fingers  cm  the  man ;  if  he  Tentures  to 
show  his  iaoe,  he  will  assuredly  receive  as  litde  merey  at  the  hands 
of  geologists  in  general  as  has  been  aooorded  him  by  Mr.  Judd. 
Such  a  doctrine  is  too  palpably  inconsistent  for  the  veriest  beginner 
to  accept  it  for  a  moment  Before  denuding  agents  can  carve  out 
hill  and  vaUey,  they  must  have  something  to  work  upon;  the 
material  they  have  to  fsishion  is  either  a  derivative  rock  formed 
under  water,  or  a  crystalline  rock  that  once  lay  deep  down  in  the 
bowels  of  the  earth.  Without  subterranean  forces  how  are  we  to 
get  a  rock  of  either  class  within  the  reach  of  denudation  to  b^n 
with  ?  Again,  what  is  it  that  has  caused  the  main  lines  of  drainage 
to  run  in  many  cases  in  the  direction  of  the  dip  and  directly  athwart 
the  strike  of  the  rocks?  Is  it  not  one  of  the  most  fundamental 
parts  of  the  theory,  which  assigns  the  formation  of  the  surface  to 
subaerial  denudation,  that  it  was  the  prevalent  direction  of  the  dip 
of  the  underlying  rocks  that  determined  the  first  slope  of  the  surface 
and  gave  the  initial  direction  to  the  flow  of  meteoric  water  ?  So  far 
from  subterranean  forces  being  ignored,  subaerialists  have  all  along 
maintained  that  it  was  through  them  that  the  trend  of  the  first 
formed  rivers  was  decided.  Further,  who  has  been  bold  enough  to 
assert  that  great  mountain  chains  have  been  wholly  cut  out  by  denu- 
dation ?  Has  it  not  been  all  along  maintained,  that  while  all  the  lesser 
details  of  their  contour  are  due  to  that  cause,  their  superior  elevation 
is  very  largely  owing  to  a  concentration  of  the  energy  of  subterranean 
forces  along  certain  zones  of  the  earth's  surface  ?  A  theory  well 
bomo  out  by  the  excessive  contortion  which  is  always  found  in  lofty 
ranges.  I  might  add  much  moro  in  support  of  my  point,  but  I  think 
I  have  said  enough  to  show  that  the  geologists  who  are  the  objects 
of  such  well-founded  horror  on  Mr.  Judd's  part,  are  not  to  be  found 
either  among  the  advocates  of  the  posaibWit^  oi  T^K^k.-baain8  having 
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bwn  scooped  out  by  glaciers,  or  in  the  ranks  of  those  who  hftve  with 
Mch  ability  insisted  on  the  important  shnre  which  subutTial  deuu- 
to'on  has  played  iq  producing  tho  shape  of  the  surface. 

1  need  scarcely  add  that  I  do  not  write  for  professed  geologists ; 
to  lliem  nothing  that  I  have  said  will  he  new,  and  they  do  not 
require  cautioning:  but  there  must  be  many  of  yoiir  readers  who 
wmld  accept  a  Btatemeut  coming  from  ro  high  an  authority  as  Mr. 
Judii  without  question  ;  to  such  I  may  give  a  word  of  warning,  and 
rmind  them  that  even  Homer  was  not  exempt  from  the  failing  of 
tn  occasional  nap.  Whether  Mr.  Judd  was  napping,  and  a  vivid 
inw^nation  conjured  op  during  his  dreams  a  spectre  so  repulaive  to 
k  philufopbical  mind  that  there  was  no  resource  but  to  write  him 
Jown  iumediately,  I  can't  say.  Some  great  authors  are  reported  to 
W composed  during  sleep;  but  however  the  curious  mistake  into 
which  1  cannot  help  thinking  be  has  fallen  has  arisen,  all  who  know 
Hr.  Jadd  vtrill  agree  that  there  cannot  possibly  have  been  any 
intentional  niisrepresentalion,  A.  H.  Qsxen. 

law.  Fibrtuiry  litli,  1B76. 

ELEVATION  AND  SUBSIDENCE  OF  LAND  IN  JEBSET. 
SiE, — It  may  interest  yonr  readers  to  know  that  in  addition  to  the 
incliMtions  of  subBidence  of  land  in  Jersey,  described  hy  Mr.  Pea- 
cntfc  in  his  paper  lately  read  before  the  Geolngioil  Society,'  there 
(list  indubitable  proofs  of  elevation  of  the  coast  of  the  island- 
Close  by  Elizabeth  Castle  in  St.  Aubyn's  Bay,  there  Htamls  the 
picturesque  pinnacle  of  the  Hermitage,  in  the  rock  of  which  St. 
HeleriuB  is  said  to  have  impressed  his  holy  body.  At  the  base  of 
the  Hermitage,  on  the  northern  side,  ia  a  very  fine  raised  beach.  I 
bsTe  had  an  opportunity  of  examining  this,  and  found  it  to  consist 
iif  light- coloured,  not  very  coarse,  shingle  and  sand,  containing  aa 
abandanco  of  shells  of  species  now  flourisiiing  on  the  adjacent  shore. 
I  visited  this  raised  beacb  agtkin  in  the  autumn  of  1874,  intending  to 
investigate  it  more  carefully,  and  then  found  that,  in  the  progress  of 
ibc-  harbour  works,  it  had  bt'en  tmfed  over  and  rendered  inaccessible. 
On  ih,.  op]..-.sil..  si.le  of  St.  Ib4i.T-s  Iliirbonr,  in.d.-r  F..,t  l;..^'.;Tit, 
th-i-..  i-  ;,  >..in..wl,.,t  .!niil.i(iil  .-|M-.ri,„ri,  .-!■  „  r,,;>o.|  l....,rli.  The 
iiartKinr  works  here,  however,  have  disclosed  proof  that  the  land 
stood  formerly  at  a  lower  level ;  the  workmen,  in  blasting  and  cut- 
ling  bacfc  the  rock  (syenite),  have  quarried  away  a  sea-worn  cave 
running  inland  some  twenty  or  more  feet,  and  high  enough  (so  the 
workmen  informed  me)  to  admit  a  man  erect,  and  containing 
sjenitic  boulders  of  all  sizes,  rounded  and  shaped  by  the  breakers. 

A  comparison  of  levels  would  probably  facilitate  the  determina- 
tion of  the  chronological  sequence  of  these  {geologically)  i-ecent  sub- 
sidenceB  and  elevations  of  land  in  Jersey.  I  have  not  yet,  however, 
had  an  opportunity  of  making  it.  i/  it  be  true  that  5t.  Helerius' 
lived  in  the  Hermitage  Rock,  it  is  at  any  rate  obvious  that  the  littoral 
accumnlation  at  its  foot  must  in  his  time  also  have  been  a  raised 

>  S«e  abstract  of  Mr.  Peacock's  paper,  anii  p.  130. 

'  One  uitiqiury  fliea  hii  date  aomewheie  m  the  ninth  centurj ;  another  in  the 
l*tt«T  half  of  the  mtb. 
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beach ;  for  even  a  robust  hermit  oonld  not  htkwe  long  Mqvported    J 
life  with  the  roaring  waters  rushing  throogli  flie  ohamid,  looallj    | 
known  as  Hell  Gate,  withinafew  feet  of  him;  and  effBotiia%oiitting    ] 
him  off  from  the  mainland,  even  though  this  Aannel  mnal  then  have 
been  considerably  wider  than  at  present 

Dr.  Martin  Bull,  of  St.  Helier's,  informs  me  that  at  least  two  other 
raised  beaches  ooonr  in  the  island.  One  of  these  is  at  the  sonthem 
end  of  St  Owen's  Bay,  near  La  Polente ;  it  is  about  100ft  aboTe 
the  present  beaoh,  and  contains  quantities  of  shells  of  extant  species. 
The  other  is  in  St.  Olement's  Bay,  between  Le  Uoeq  and  Pontao. 

ProofiB  of  elevation  are  not  confined  to  Jersey.  A  similar  raised 
beach  is  passed  in  mounting  from  the  Hai^ur  of  Saik  by  the  side 
of  the  road  leading  into  the  interior  of  that  islet 

DOWNXNO  Ck>LLBOB,   CAMBBmOB,  T.  W.  DaHVT. 

Jtumofy  25, 1S76. 

Olaoial  Ebosion. — The  subjoined  Postscript  deserves  a  place  in 
this  Magazine,  although  the  hand  that  penned  it  is  now  cold.  It 
was  sent  too  late  as  a  rider  to  a  letter  whidi  we  published  in  October 
last  (p.  524).^Edit.  Oeol.  Mao. 

P.S.-* Follow  Swaledale,  Wensleydale,  and  all  the  rivers  descen^Bng 
from  the  Pennine  chain,  through  the  $oft  strata,  between  the  Peimian 
and  the  hard  gorge  cut  by  the  Humber  through  the  Chalk  Wolds.  Ll 
these  soft  strata  the  separate  valleys  almost  disappear.  Atmoapherio 
disintegration,  and  the  vertical  descent  and  erosion  of  rain,  have 
woiii  down  the  hills  which  intervened  into  what  is  called  "The 
Plain  of  York."  But  if,  as  Mr.  Goodchild  says,  valleys  are  formed 
and  widened  by  **  mechanical  means,"  be  these  mechanical  means  the 
horizontcU  thrust  of  glaciers  or  the  horizontal  undermining  of  rivers, 
each  valley  would  run  between  two  precipitous  cliffs,  and  the  Ouse 
and  the  Humber,  and  their  tributaries  should  traverse  what  is  now 
the  Plain  of  York,  with  sides  as  high  as  the  Chalk  Wolds,  and  running 
up  to  Mr.  Groodchild*8  "  scars  *'  and  ledges  on  the  Pennine  Chain. 

Brookwood  Park,  Alresford.             Gkobge  Gbsknwood,  ColoneL 
September  24M,  1876.  

Aquarium  Rockwobk. — The  rockwork  in  the  tanks  at  the  New 
Westminster  Aquarium  contains  a  considerable  amount  of  Portland 
Oolite.  We  underatand  that  it  was  purchased  from  the  dSbris  of  the 
Colosseum,  Regent's  Park,  as  a  sandstone,  and  it  appears  to  have 
been  introduced  into  salt  and  fresh-water  tanks  alike  without  in- 
vestigation as  to  how  far  it  is  suitable.  It  perhaps  may  do  no  harm, 
but  it  would  be  well  if  any  one  who  has  experience  of  what  its  effect 
will  be,  would  communicate  his  knowledge  before  any  animals  are 
placed  in  the  tanks.  There  is,  in  addition,  a  good  supply  of  Carbon- 
iferous Limestone  used,  and  in  considering  the  conditions,  it  must  be 
remembered  that  the  water  circulates  constantly  from  tank  to  tank, 
so  that  the  carbonate  of  lime  will  be  just  as  present  to  all  the  inhabi- 
tants of  the  aquarium  as  to  the  Lamellibranchs  and  others  it  might 
(possibly  ?)  benefit. — Nature. 
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I — A  CosiPAKiaoN  BETWEEs  THE  Oldest  FossiLifEBons  Rooks 

OF  NORTHKBN   EuROPE, 


fij  G.   LlKNAIUWOM, 

Piilawntologirt  lo  thii  Geological  Surroy  of  Sweden. 
"S  a  paper  on  "The  Physical  Conditions  under  which  the  Cambrian 
and  Lower  Silurian  Rocks  wore  probably  depoaitod  over  the 
Boropean  Area,'''^r.  Hichti  hits  recently  put  forth  some  opinions 
fti  the  lowrat  fossiliferoua  rocks  of  Saiudiniivia  and  Russia,  and 
ib«r  relations,  as  to  Age  and  BtratigTa])hical  characters,  to  tboHo  of 
Britain,  which  I  think  ougtit  to  be  somewhat  modified.  Tlie  chief 
iMertiona  in  Mr.  Hicks's  paper  arc,  that  at  the  Pre-Camhrian  period 
t  hrge  coalinent  existed  in  Europe  ;  thnt  a  subsidence  began  in  the 
Muth-weatern  part,  and  gradually  extended  to  the  north-eastern, 
which  was  not  snbmergetl  until  the  Tremadoc  group  had  been  de- 
poiited  over  the  weHl*>ni  areas ;  and,  finally,  that  the  marine  fannaa 
migrated  from  the  south-west.  In  orderto  prove  these  generalizations, 
Mr.  Hicks  makes  a  comparison  between  the  moat  important  Cambrian 
districts  of  Europe.  He  thinks  that  the  British  Cambrian  rocks  are 
the  oldest,  t^at  the  lowest  Swediah  beds  are  probably  equivalent  to 
die  British  Menevian  group,  and  that  the  Russian  are  Dot  older  than 
the  Arenig.  Though  the  aoantiness  of  the  organic  remains  in  some 
ioslances  makes  it  very  difficult,  or,  indeed,  imposBible  to  parallelize  ■ 
with  certainty  the  oldest  deposits  of  the  various  countries,  it  seems, 
however,  from  the  paleeontological  facts  already  known,  quite  un- 
questionable that  the  lowest  rocks  of  Scandinavia  and  Russia  are 
older  than  Mr.  Hicks  has  supposed  them  to  be  in  comparison  to 
those  of  Britain. 

As  to  Scandinavia,  its  oldest  fosailiferous  rocks  are :  Ist,  the 
Eopbyton  Sandstone ;  2nd,  the  Fucoid  Sandstone ;  and  3rd,  the 
Paradoxides  Schists,  which  together  represent  the  Lower  Cambrian 
according  to  Mr.  Hickg's  classification,  and  contain  each  a  peculiar 
fauna.  Id  the  British  Lower  Cambrian  IVfr.  Hicks  also  reckons 
three  fanuee.  Of  these,  however,  the  second  and  third  are  so  nearly 
related  that,  from  a  merely  palieontological  point  of  view,  they 
might  well  be  united  in  one,*  and  the  rooks  containing  them  together 
'  QiuTt.  Janrn.  Oeol.  Boc.  vol.  mi.  p.  S62,  ttg^. 

*  Mr.   Hicks  haa  himself  in  MTenil  places  pointed  out  the  great  resemblance 
between  the  Trilotrite  fauns  of  the  Harlech  and  the  Menerian  beds. 
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parallelized  with  the  Psradoxides  ScluatB  of  ScandiDavia.  The  TVilo- 
bites  of  Haa  Huledi  gnnp  belong,  most  if  not  all,  to  the  same 
gener&  aa  those  ckaraoteriziii^  llie  Uenevian  group,  for  Phitonia  is 
hardly  anything  bnt  a  Faraieaidtm  with  granulated  shell  (such  ab, 
for  instaiM%  Paraimdf  FemiAammeri,  which  occara  in  the  higher 
divisions  of  tha  Swedish  Faradoxides  bedti),  and  Fakeopgge  seems 
still  to  be  veij  doubtfuL  The  specific  difTerencea  do  not  seem  to  be 
important  eDOogh  to  JQstilj'  the  aepsrating  of  the  Harlech  Trilobile 
fauna  as  a  disttoct  fauu  of  the  same  rank  as  that  of  the  Blenevian 
group.  Then  one  oould  with  the  same  reaeoD  in  the  Menevisn  group 
distinguish  a  fourth  and  fifth  Eaana  and  to  forth,  there  beiog  several 
divisions  containing  each  their  peculiar  speciee.  Even  in  the  Pam- 
doxides  beds  of  Soandinavia  there  are  several  subdivisions,  the 
fossils  of  which  are,  in  general,  specificallj  different,  but  one  finds 
so  many  generic  links,  that  one  must  consider  them  altogether  as 
one  single  whole.  Taken  as  a  whole,  the  fauna  of  the  Taradoiddes 
beds  of  Scandinavia  is  quite  analogous  to  that  of  the  McnevtRQ 
and  Upper  Harlech.  Among  the  Trilobites  there  occur  in  the  Pora- 
doxides  beds,  besides  many  other  genera,  Faradoxidet  {Aiwpolentu, 
Fltilonia),  Gmoeori/phe  {Erimya),  MicrodieaiB,  Arionellvi  and  Agnotltia. 
Of  Other  classes  one  6n.dB  Ltptrdilia,  BifoUlhut,  Lingvlella,  Obalella, 
Orthit,  Prolotpongia,«tc  If  one  may  judge  from  the  generic  identitiec, 
the  Paradosides  beds  of  Scandinavia  are  therefore  to  be  parallelized 
to  the  above-cited  British  beds.  I  will  not,  however,  positively  deny 
that  part  of  the  Harlech  beds  with  Trilobites  are  possibly  older  than 
the  Iriwcst  Parjt^oiides  be^Ja  of  Sweden.  Even  if  that  be  admitted, 
tho  diff.T.  ii-,--  <il"  ii.'f  o.iiinMl  K-  cujir-iiifriil.!..-,  ;is  llu- f;.?iifral  L-liaracter 
of  the  faunffi  is  quite  the  same,  which  would  hardly  be  the  case  if 
any  long  period  had  elapsed  between  their  formation. 

Below  the  Paradoxides  beds  in  most  Cambrian  districts  of  Scan- 
dinavia a  sudden  change  takes  place  in  palsontological  as  well  ta 
lithological  characters,  though  the  b»ds  are  always,  as  fsur  as  hitherto 
known,  quite  conformable.  The  underlying  beds  are  almost  ex- 
clusively sandstones.  Only  in  Norvray,  and  perhaps  in  the  north  of 
Sweden,  they  contain  any  considerable  intercalated  beds  of  schists 
and  limestone.  In  a  palseontological  respect  the  most  striking 
character  of  these  sandstones  is  the  total  absence  of  Trilobites. 
More  difficult  is  it  to  affix  to  them  any  definite  positive  characters, 
as  the  true  nature  of  many  of  their  fossils  is  still  very  nnoertain. 
The  Fucoid  Sandstone  has  yielded  only  two  species  of  Lingididm, 
besides  tracks  and  burrows  of  worms  or  other  animals  and  oasts  of 
seaweeds.  Par  richer  is  the  fauna  of  the  underlying  Eophyton 
Sandstone.  It  consists  of  Brachiopods,  Pteropods  and  Spongis, 
besides  fonns  of  more  uncertain  affinities,  such  as  Cnaiana,  Sarlania 
(Arthrophyctu)  Eophylon,  and  many  others.  These  latter  forms  are 
only  casts  and  tracks,  and  give  but  little  information  of  the  organisms 
which  produced  them.  For  the  identification  of  the  strata  they 
cannot  be  used,  as  very  similar  casts  are  found  in  rocks  of  almost 
every  age.  Thus  I  have  seen  a  Harlania  from  the  Shsedc  beds  of 
Soan'iA,   bardlj  distinguishable   from  a  speoiea   ooonrring  in  the 
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rton  Saniletone  of  Westrogotliia.     In  the  Upper  Silurian  Sand- 

of  Gotland  I  have  found  markings  quite  similar  to  some  forniB 
liiana  occurring  in  the  Eophylon  Sandstone.  Even  the  Eophylou 
occurs  at  several  horizons.'  The  other  fo»aUa  of  the  Eophyton 
[one.  especially  a  Brachiopod,  which  is  not  rare  in  its  lowest 
might  he  identified  with  mare  certainty,  but  1  do  not  know  from 
n  countries  any  species  which  can  he  nuapected  to  be  identical 
them,  and  even  their  generical  relations  are  not  quite  settled. 
Brachiopod  above  referred  to — I  have  provisionally  termed  tt 
la  or  Obotttt  monili/er — should  in  all  probability  form  a  peculiar 
■,  jadging  trom  the  structure  of  the  shell  suhstance.  HtjolUhua 
Uhs  and  Aelyloapongia  radiata  have,  as  far  as  I  know,  no  near 
v«8.  Tbos  the  palaaontological  facts  alone  do  not  yet  make  a 
eltsm  possible  between  the  Cambrian  Sandstones  of  Scan- 
ia and  the  rocka  of  other  countries ;  but,  all  things  considered, 

find  no  reason  for  believing  these  Scandinavian  Sandetones  to 
>iuig<ir  than  the  oldest  English  Cambrian  rocks,  with  which 
agree  in  position.  The  comparatively  small  thickness  of  the 
isb  Sandstones  cannot  be  considered  as  an  evidence  of  their 
ginj^  to  a  later  and  more  circumscribed  period  than  the  chief 
!S  of  the  British  Longmynd  rocka  (those  without  Trilobitesi; 
it  is  a  well-known  fact  that  the  Cambrian  and  Silurian  beds  of 
en  are  in  general  much  thinner  than  their  British  equivalents. 
.  for  instance,  the  Olenus  Schists  of  Sweden  in  most  places 
y  esceed  40  or  60  feet  in  thickness,  nevertheless  they 
in    equivalents  of  all   the   divisions  of   the    British    Lingula 

which  are  stated  to  exceed  4000  feet.  This  proves  that  at  the 
DB  period  the  sediment  was  accumulated  about  one  hundred  times 
:  in  the  British  area  than  in  the  Swedish.  It  is  very  probable 
even  in  the  oldest  portions  of  the  Cambrian  era  a  similar,  if 
]uite  so  great  a  disparity  occurred  in  the  rate  at  which  the 
sent  was  accumulated  in  both  areas.  The  thickness  of  the 
brian  Sandstones  of  Scandinavia  is  very  variable.  In  the 
,le  of  Sweden  it  seems  to  be  about  100  feet ;  in  the  north  and 
1  it  is  probably  more  considerable.  In  some  Norwegian  districts ' 
Cambrian  Sandstones  arc  calculated  by  Professor  Kjerulf  to 
>d  2000  feet  in  thickness,  but  in  others,  as  near  Christiania,  they 
inly  thin.  In  Britain  the  rocks  lying  beneath  the  lowest  beds 
lining  Trilobites  are  supposed  to  be  about  1500  or  IGOO  feet  in 
:nes8,  which  is  fifteen  times  that  of  the  Scandinavian  Sandstones, 
re  tbey  are  thinnest.  Even  if  the  superiority  in  the  rate  of  the 
nent  forming  is  supposed  during  the  oldest  Cambrian  period  to 
I  been  only  one-sixth  of  that  during  the  period  of  the  Lingula  flags, 
not,  therefore,  from  stratigraphical  reasons,  necessary  to  consider 
lowest  LoDgmjnd  rocks  of  Britain  to  be  older  than  the  oldest 
brian  Sandstones  of  Sweden.  Stilt  less  do  the  stratigraphical 
ences  support  the  opinion  that  the  Longmynd  rocks  represent 
)re  remote  time  tlian  the  Cambrian  Sandstones  of  Norway. 

>  Cf.  Zeitschrift  der  Deatscbeo  gealogischen  GMellacbafl,  1S7S,  p.  24fi. 

*  Spani^tljeldet.    Chrietiaiis,  1873. 
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If  Mr.  Hidc8*8  views  of  the  phyflioal  geognrpkj  of  the  Ounbrian 
period  were  oorrecty  there  oii|^t  to  be,  in  the  middle  and  upper  por* 
tlons  of  the  Cambrian  aeries  of  Sweden,  many  signs  of  littoral  con* 
ditiofns,  for  Mr.  Hicks  thinks  that  the  sea  first  at  aboot  the  Menevian 
era  reached  the  Scandinavian  area,  and  mndi  later  still  the  Bnasian. 
Tlie  facts,  however,  rather  tend  to  shew  that  most  of  the  Swedish 
Cambrian  rooks  were  deposited  in  a  deeper  sea  and  farther  from  the 
land  than  the  English.  The  Olenns  beds  of  Swedem  consist,  as  &r 
as  hitherto  faiown,  invariably  of  fine  sdustSy  containing  inleroalafted 
bands  and  nodules  of  limestone.^  The  Paradexides  beds  finr  flie 
most  part  consist  also  of  similar  rocks.  Only  in  their  lower  portions 
there  occur  in  some  places  arenaceous  flagstones.  If  one  may  Judge 
from  the  fineness  of  the  sediment,  the  whole  of  ^eOlenus  beds  and 
at  least  the  uwer  portions  «f  the  Paradozides  beds — the  equivalents 
of  the  British  Lingula  flags  and  Menevian  group — seem,  therefore, 
to  have  been  deposited  in  a  deep  sea  and  f»x  from  the  land.  When 
we  come  lower  in  the  series,  we  find,  in  Sweden  as  well  as  in  Britain, 
many  signs  of  littoral  conditions,  especially  in  the  Eophyton  Sand- 
stone, where  ripple-marks  are  common,  and  the  lowest  part  of  whidi 
is  a  conglomerate. 

The  comparative  thickness  of  the  English  strata  seems  dso  to 
favour  the  idea  that  they  were  fonned  nearer  the  diore  than  the 
Swedish  ones.  In  general  more  sediment  is  deposited  near  a  shore 
than  at  a  greater  distance  therefrom. 

Finally,  the  volcanic  rocks,  which  are  said  to  be  intercalated  in 
the  English  Cambrians  and  Silurians,  seem  to  point  in  the  same 
direction,  as  volcanos  seem  in  general  to  be  chiefly  confined  to 
littoral  regions,  whether  supramarine  or  inframarine.  lu  the  Swedish 
Cambrians  no  rocks  which  can  be  considered  as  volcanic  are  known. 

The  relative  ages  of  the  lowest  fossiliferous  rooks  of  Russia  cannot 
be  ascertained  from  their  fossils  alone.  These  are  few  in  number ; 
none  have  been  identified  with  species  occurring  in  other  countries, 
and  even  the  genera — for  instance,  Schmidtiay  JlelmerBeniay  and 
Kt'yserlingta — are  mostly  unknown  in  Scandinavia  as  well  as  in  Eng- 
land. I  must  therefore  confess  that  I  have  no  very  decided  opinion 
of  their  relation  to  the  rocks  of  other  Cambrian  districts.  Thus 
much  Is,  however,  from  stratigraphical  evidences,  certain,  that  they 
are  far  older  than  they  are  supposed  to  be  by  Mr.  Hicks,  who  con- 
siders them  to  be  not  older  than  the  Arenig  rocks  of  Britain.  The 
lowest  Bussian  bed,  the  age  of  which  can  be  fully  ascertained  from 
paleeontological  as  well  as  stratigraphical  evidences,  is  the  bituminous 
schist  with  Dtctyonema  flabeUi/ormej  Eichw.  It  is  of  inconsiderable 
thickness,  but  forms  a  well-marked  horizon  from  St  Petersburg 
along  the  northern  shore  of  Ehstland  to  Reval  and  Baltischport 
Certiiinly  this  schist  cannot  be  younger  than  the  Tremadoc  period. 
Its  equivalent  in  Sweden,  which  has  precisely  the  same  lithological 
and  palajontological  characters,  lies  immediately  above  the  Olenus 
Schists ;  it  is  older  than  the  Lower  Graptolite  Schists,  which  cor- 

^  In  Norway  they  seem  to  be  in  some  districts  partly  reolaced  by  sandstones  and 
quariziteB  (ct  BroggeVf  Geol.  Foren.  Forbandl.,  Dec.  1876). 
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itapond  to  the  Arenig  and  SkidJaw  rocks  of  Britain,  and  is  severed 
fmin  Uiem  by  the  Ceratopjgs  Liraeslone,  whicli  might  be  corn- 
fared  to  the  Upper  Tremadoo  of  BritAin.  Below  the  Dictyonema 
Sclust  iLere  are  nt  St.  retorsburg  and  in  Ehstland  mighty  beds  of 
■tndstoDe  and  shale,  several  hundred  feet  \o  thickneBs.  That  they 
ve  older  than  the  Tremadoc  period  ie  BhoKti  by  their  position. 
Any  further  concliisiona  relating  to  their  age  cannot  be  based  on  suf- 
fident  evidences.  Their  nppermost  part  soems  to  ho  nearly  related 
to  the  Dictyonema  Schist ;  the  age  of  the  lower  parts  remains  still 
to  be  definitely  settled,  whioli  will  not  be  poMible  before  more  is 
known  of  their  organic  remains.  Lithologically,  they  very  much 
iwetnble  the  Fucoid  and  Eophyton  Sandstones  of  Sweden,  though 
tbey  are  more  friable.  I  have,  therefore,  Biiggested  that  they 
n^ht  have  stood  in  immediate  connexion  with  those  Swedish 
beds.'  In  favour  of  suob  a  supposition  speaks,  besides  their  IJtho- 
logical  characters,  their  positioii  immediately  above  the  crystaUine 
recks.  la  an  opposite  direction  2>oint3,  on  the  contrary,  their  relation 
to  the  overlying  rooks,  as  they  are  imniediatoly,  and  seemingly  wilh- 
oot  any  sharp  break,  overlain  by  a  rock,  the  Dictyonema  Schist, 
of  macb  younger  age  than  the  Paradoxides  Sobista  overlying  th« 
Riooid  Sandstone  of  Sweden.  However  this  may  be,  it  is  probable 
that  Mr.  IScks  is  right  iti  thinking  that  the  Cambrian  rocks  of 
Knssia,  at  least  in  part,  are  deposited  iu  a  more  siiallow  water  than 
ttiose  of  Scandinavia. 

Of  the  Cambriai»  rocks  of  Bohemia  Mr.  Hicks  says  that  "  they 
nem  to  occupy  an  alntost  intermediate  position,  as  to  thickness  and 
order  of  deposition,  between  those  of  firibtiu  and  those  of  the  ex- 
treme north."  This  might  possibly  be  true  as  to  the  so-called 
"  Azoic  "  rocks  of  Mr.  Barrande,  respecting  the  age  of  which  no  posi- 
tive cnncluaions  can  be  dr;jwn  from  fnsKil  evidences.  That  they  are 
in  part  older  than  any  luetamorphic  rocks  of  Scandinavia  is  not  im- 
possible; and  if  the  lower  portion  of  the  stage  B,  the  "Przibramer 
Schiefer  "  of  Austrian  geologists,  really  lies  unconformably  under  the 
upper  portion  of  that  stage  and  conformably  over  the  ci^'stalline 
schists,  it  is,  indeed,  rather  probable.  The  "  Primordial  zone,"  or 
stage  C,  of  Bohemia  is,  however,  much  younger  than  the  oldest  fossil- 
bearing  strata  of  Scandinavia.  Itis  most  nearly  related  to  some  of  the 
middle  divisions  of  the  Swedish  Paradoxides  Schists,  especially  to 
those  with  Pnradoxidea  Teavai  and  those  with  Paradoxide»  oteadicm. 
That  any  absolutely  identical  species  occur  is  not  yet  quite  certain ; 
but  of  the  Primordial  Trilobites  of  Bohemia,  many  are  represented 
in  the  Swedish  beds  by  very  nearly  allied  species.  Such  are,  for 
instance,  Paradoxidet  Tttsiiti  and  $pino*ut,  UlUpaocephalus  Bo^  and 

It  seems  still  to  be  premature  to  speculate  on  the  way  followod 
by  tlie  Cambrian  faunas  in  their  migrations.  In  order  to  do  that 
with  any  certainty  it  would  be  necessary  to  know  in  every  instance 
whether  the  rocks  containing  the  same  faunas  are  really  synchronous 
or  only  "  homotaxial."  At  present,  it  seems  quite  Eis  probable  that 
■  ZeitKtirift  der  DentiCliMi  gcologiwbe  Oegellscboft,  Jabrg.  1871,  p.  691. 
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they  were  first  developed  in  the  Scandinavian  areft  as  in  any  other. 
Certainly  there  is  no  other  area  where  there  are  bo  many  fonns  of 
animal  life  known  in  the  oldest  Cambrian  rocka  as  in  Scandinavia. 

GsoLOQitAi.  ScBTiT  Offici,  StoCkbOLH,  Jan.  22,  is; fl. 
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By  R.  ErHSRtiKiE,  Jno.,  P.G.8. ; 

Of  the  Geological  Surrej  of  Si»tl«ad. 

(PLATE  VI.) 

Class  PoLTZOA. 

Gmiub  ViNOtLARiA,  Defranco. 

Viaevlaria  Benniei,  sp.  noT.  Plate  VI.  Figs.  1,  lo. 

Speeijie  Chart. — PolyKoariuin  composed  of  small  cylindrical  BtemK 
oceupiod  by  oval  to  heiagonal  cells  arranged  usually  in  quincunjt; 
or  in  oblique  ascending  lines ;  periphery  of  the  cella  erect,  sharp,  and 
granular  ;  granules  niiniile,  numerous,  and  closely  arranged.  Here 
and  there  the  angles  between  the  cells  are  ocoiipit>d  by  a  small  sup- 
plementary pore  or  pores,  which  are  occasionally  increaaed  in  num- 
ber, and  extend  vertically  between  two  contiguous  cells,  or  uniting, 
give  rise  to  an  elongated  narrow  groove-like  slit.     SeoHon  circular. 

Obi. — TlitB  little  Coralline  is  only  known  to  me  in  the  form  of 
sninll  ixagments,  of  which  the  figured  specimen  is  a  good  example. 
The  oells  appear  to  he  of  one  uniform  depth,  but  the  intermediate 
pores  are  perhapa  not  quite  so  deep.  From  V.  muUangutaris,  Port- 
lock,'  it  ie  distinguished  by  the  cellB  not  being  placed  in  furrows, 
and  from  Favonte*  tertalU,  Portlock,'  which  it  more  closely  resem- 
bles, it  is  distingnished  by  Uie  presence  of  the  granules  and  pores, 
and  the  absence  of  the  broad  intercellular  spaces  of  the  former. 
V.  Jienniei  is  ^so  closely  allied  to  a  form  described  by  the  Chevalier 
d'Eichwald  from  the  lintamentt  Limestone  of  Talkhof,  in  Livonia, 
as  V.  nodvlosa.'  In  this  species  the  cells  are  oval  with  thin 
trenchant  edges,  separated  one  from  the  other  by  a  small  groove,  and 
occasionally  but  not  always  grannled,  having  in  addition  at  the 
upper  angle  a  small  node,  lai^r  than  the  granules.  In  V.  Bennttt 
the  cells  are,  as  a  rule,  hexagonal,  the  periphery  always  granuled, 
without  any  node  which  can  be  said  to  be  larger  tiian  the  othero,  and 
the  cross  section  of  the  polyzoarium  not  so  angulated  aa  appears 
to  be  the  oase  in  the  Bnssian  species. 

In  Cerioporaf  inferporoia,  Phill.,  the  cells  are  oval  or  a  little 
pyriform,  the  int«roelluIar  spaoea  broader  and  more  irregular  than  in 
F.  Benniei,  and  destitute  of  granules,  and  the  habit  is  generally 
different.  In  JftOepora  (  Ceriopora)  timiUt,  Phill.,  the  oella  are  more 
elongated,  and  there  does  not  appear  to  be  any  trace  of  interstitial 
pores  in  Phillips'  figure.     (Pal.  Fobs.  L  11,  f.  32.) 

Zoe.  and  Horizon. — Shale  over  No.  2  Limestone  (Lower  Oarb- 

'  Geol.  B«pt  London,  1M3,  p.  336,  t.  22a,  t.  7.  ■  l.t.  p.  327,  t.  22a,  f.  6. 

'  LeOaea  fioadcs,  1860,  toI.  i.  p.  402 ;  AtUi,  t  21.  f.  B. 
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Limestooe  Group),  at  Carlops,  Peeblegahire,  collect«d  by  Mr.  James 
Besnie,  after  whom  I  beg  to  name  tbe  Bpecies.  Head  of  Mouse 
Water,  WilBOntown,  Lanarkshire,  in  ehale  connected  with  the  Hosie 
limestone,  collected  by  Mr.  A.  Macconochie.  Colleotion  of  Qt9  Qeo- 
k^cal  Surrey  of  Scotland. 

Lahelubr^ncbiata. 
Oenus  AvicuLoPBOTBH,  McCoy,  1851. 
AviculopeeUn  planoTodiatoi,  McCoy. 
2.  riaBoradialia.TAcQoy ;  AudkIs  Mag.  Nat.  Hist.  1861,  Tol.  rii.  p.  171. 
„  ..     ;  BriL  Pal.  Fobs.,  p.  t89. 

Hnxlej  and  Elfaeridge,  Cat.  Fau.  Hns.  Pract.  Geo!.  1S66,  p.  110 
[witboat  discriptioD). 
„  Annsttoag  and  Ioohkx  (^Bt.  Fois.  W.  Scotland,    Tnuie.  Goat. 

Soc,  Gl^gow,  Tol.  ill.  Siipp.  1S71,  p.  47  (nitliDUt  doBcriptioii]. 
Oit — To  Prof.  McCoy's  exoellent  description  of  thia  shell  I  can 
only  add  a  few  notes  on  the  ornamenfotion  of  the  shell     The  broad, 
lit,  depressed  ribs  are  covered  by  concentric,  somewhat  irregular, 
vary,  more  or  less  imbricating  sct^es.     The  colour  markings  on  (be 
^ledmea  before  me  consist  of  fluctuating  thin  concentric  bands  pass- 
ing into  blotches,  sometimes  assuming  a  widely  zigztg  pattern,  and 
in  ibe  present  condition  are  of  a  darker  colour  than  the  remaining 
poniona  of  the  shell. 
Loc. — Longnor,  Derbyshire.     Coll.  Mus.  Pract.  Geol.,  London. 
Ariculopectea?  aiAlobaliu,  Phillips,  PI.  VI.  Figa.  2-6. 

Arit^a  luHobaltt,  Phil. :  Geol.  York.  1836,  toI,  ii.  p.  £11,  t.  Q,  f.  26. 

„  Monis,  Cat.  Brit.  Foaa.  1843,  p.  107  (without  deacriptinn). 

Toanant,  Strst.  List.  BriL  FDai.l817,p  IQI  (witlioatdescription]. 
,.  „         Bronn,  Index  Pal.  yomen.  184B,  p.  U2  (without  descriptioa). 

D'Orbigny,  Prod,  de  Pal.  1849,  voLi.p,  137  (without  description). 

Brown,  Fosi.  Conchologr,  1849,  p.  102,  t.  66",  t.  32. 

AnnUepttttTi  iidloialiii,'Monia:  Cat.    Bnt.    Foss.  1864,  2nd  ed.  p.  166  (without 

desfriptiod). 

Huiley    aud    Ethcridge,   Oat.    Fuss.     Mua.   Praet.    (jeol.    1866, 

p.  110  (without  description). 

Sp.  Chan. — Shell  oral,  inequilateral,  convex,   extended   a  little 

obliquely  towards  the  anterior  side.    Anterior  ear  of  the  right  valve 

bDiall,  scarcely  divided  from  the  body  of  the  shell,  or  extending  as 

far  as  the  anterior  margin,  its  remote  margin  slightly  oblique  to  the 

Lioge  line  (?),  and  marked  with  concentric  ridges.    Posterior  ear 

small  and  lightly  pointed,  extending  as  far  as  the  posterior  mai^in 

of  the  shell,  marked  with  delicate  striee,  and  one  or  two  colour  bands 

similar  to  those  on  the  body  of  the  shell.    Hinge  lino  short.  Surface 

ornamented  with  close  fine  concentric  striie  crossed  by  equally  fine 

and  delicate  radiating  lines,  always  better  marked  on  the  sides  than  on 

the  body  of  the  shell ;  when  well  preserved,  these  stria  give  to  the 

shell  a  reticulate  appearance,  but  soon  becoming  worn  down  leave  it 

nearly  smooth.    Colour  markings  in  the  form  of  radiaticg  bauds 

variously  arranged. 

Oba. — The  ears  must  have  been  extremely  delicate,  as  of  eleven 
epecimeas  which  have  oomo  under  my  notice,  only  three  show  any 
traces  of  them.    UntU  we  are  acquainted  with  the  internal  oharsoterB 
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Si|^  ralw^  wifli  flie  posterior  ear. 

Si|^  falre,  ean  Bot  mowiK. 

M  ^^jri  aw I,  Soir.   A  Boariy  ooaplete  left  yalre 
&ei4^  Shalall  feel  of«r CaUanrood  Cement  Stone, 
aloM  Gimm^  ffldbe  Qhbtt,  S.  Kilbride.  Cabinet  of 
KKiOride. 

8.  BsOfrtipkam  rfwuafai,  Fknmi^,  wifli  it»  ffreatlj  thickened  ai 
wifli  tiie  lalefal  eipaaaioiia  over  tiie  nnbilicoa.    Linn  Qi 
faraKiMs  FUa;  lule  eomaetod  widi  one  ol  the  L.  lime 

liBMstae  GnMpV  ^«^  ""^ 

9.  aad  19.  J?,  rfmrnarai,  Flcan^  Tar.  wtdmttUy,  K  Etheridge,  ji 
Water  of  Leitii,  near  Edmburgh,  in  shale  of  the  Wardie 

CaibonifiaoDa  orCalciterooa  Bandatone  Series.    (The 
bod  are  vnaDj  enMihed.) 

IIL — SovB  GoHsmsR^noNS  oh  thm  Probable  Gondii 

WHICH    THK    PaLJTOSOIC  B0GK8    WMIS     DEPOSITED 
NOBISHKRH  HmiBPUKRK. 

By  Hbhrt   Hicks,   F.G.S. 

rB  nnmerom  excellent  observations  whicli  have 
in  reoent  years  relative  to  the  Palaeozoic  rocks 
conntries  in  the  Northern  Hemisphere^  require  that  we 
and  again  attempt  to  summarize  the  results  obtained,  asA 
means  bring  before  the  mind  more-  clearly  any  advani 
knowledge  of  past  changes  which  has  been  made,  as  wel 
those  blanks  which  are  still  left  for  future  investigations. 
considerations  I  cannot  attempt  to  treat  fully  the  vanous 
tions  made,  but  I  will  endeavour  to  notice  the  chief  results 
points  upon  which  new  light  seems  to  have  been  thrown. 

Cambrian  and  Lotoer  SUurian. — Palaeozoic  time  is  cons 
have  commenced  in  Europe  with  the  deposition  of  the  earl 
brian  rocks,  and  in  America,  by  most  authorities,  with  the 
rocks.     To  endeavour  to  traee  out  the  conditions  of  the 
Hemisphere  at  that  early  period  has  been  one  of  the  most  i 
subjects  which  geologists  have  attempted  to  unravel  in  reo 
The  researches  which  have  been   made  prove  conclusive! 
America,  before  the  Huronian  rocks  were  deposited,  a  coi 
great  extent  existed  there.     It  is  evident  that  in  Europe  at 
there  was  also  a  continent  of  large  size,  as  portions  of  it 
visible  in   Spain,   Bohemia,   France,   England    (Malvern* 
David's),'  Scotland,  Norway,  the  Loffoden  Islands,^  etc. 
Table  it  will  be  seen  that  the  rocks  forming  this  old  Pre-< 
bind  consist  chiefly  of  gneiss,  or  granite,  but  there  are  alsc 
places  beds  of  limestone  of  considerable  thickness.     All 
are  found  to  be  in  a  metamorphosed  state,  and  the  beddii 
formable  to  those  overlying  them.    On  both  sides  of  the 
they  are  to  be  seen  at  various  places  from  the  latitude  of  \ 
Arctic  regions,  and  it  seems  reasonable  to  suppose  that  1 

'  Dr.  Holl,  Quart.  Joum.  Geol.  Soc,  vol.  xxi. 

'  Harkness  and  Hicks,  Quart.  Joum.  Geol.  Soc,  vol.  xxvii. 

'  Carl  Pettersen,  Geol.  Mag.,  Sept.  1875. 
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tions  indicate  parts  omljr  of  what  were  probably  two  great  continents 
extending  ever  these  areas,  separated  from  one  another  by  an  inter* 
mediate  ocean,  narrower  cen^derablv  than  the  present  Atlantic,  but 
itQl  ooeapying  part  of  the  basin.     When  these  •continents  commenced 
ts  sabeide,  t>ke  parts  facing  the  Atlantic  were  the  first  to  become  sub- 
neiged.  On  the  European  side  this  is  evident  from  a  consideration  of 
the  sediments,  and  also  in  the  fisiunas  (of  which  I  shall  have  to  speak 
more  fuUy  in  another  part  of  the  paper) ;  and  it  seems  tolerably  clear 
that  «och  was  also  the  case  on  the  American  side.     I  have  attempted 
to  explain  im  another  paper  ^  the  liaes  <of  depression  along  which  the 
waters  gndnidly  encroached,  and  endeavoured  there  to  show  that  the 
csntraction  must  at  this  time  have  taken  place  along  two  well-de- 
fined lines,  or  that  the  continents,  before  they  began  to  subside,  had 
fat  the  most  part  a  sloping  sur&ce  with  the  higher  plateaux  to  the 
asrth-east  on  the  Baropean,  and  to  the  north-west  on  the  American 
nde.    As  also  at  a  later  period  in  the  PalsBOzic  age  parts  of  these 
old  continents  were  above  water4evel,  when  contiguous  areas  were 
sabmerged  to  a  great  depth,  it  is  evident  that  they  were  traversed 
by  mountainous  ranges  of  great  height.     Some  portions  of  this  old 
land  now  visible  to  us  in  Western  Europe  were  undoubtedly  brought 
op  to  the  surface  from  a  very  great  depth  at  the  close  «f  the  Falieo- 
Boic,  whilst  others,  upon  equally  •certain  evidence,  could  not  have 
been  but  at  a  slight  depth  at  that  time,  and  some  probably  not  even 
tiien  submerged.    This  condition  of  continents  of  great  size  in  high 
latitudes,  with  elevated  plateaux  and  high  mountains,  would  lead  us 
to  believe  that  they  were  covered  with  ice  and  snow  in  their  higher 
parts,  and  that  the  plains  and  valleys  had  therefore  much  loose 
material  strewn   over   them.      In   the   Cambrian  rocks   in   Wales 
boulders  of  considerable  size,  sometimes  a  foot  in  diameter,  are  often 
found  in  the  beds  of  conglomerate,  and  the  frequent  alternations  of 
conglomerates,  grits  and  sandstones,  seem  to  prove  that,  at  least  in  the 
earlier  epochs,  an  abundance  of  loose  material  must  have  been  near 
and  ready  at  hand  to  be  easily  denuded  off  as  each  part  became  sub- 
merged.    Marine  action  on  the  hard  metamorphic  cliffs  alone  could 
scarcely  have  produced  so  much  sediment.    Moreover,  the  enormous 
thickness  found  with  scarcely  a  trace  of  any  beds  heaped  up  by 
marine  life  at  this  period,  either  in  the  American  or  European  areas, 
as  may  be  seen  by  reference  to  the  Table,  show  conclusively  that  an 
additional  force  must  have  been  at  work.     In  some  places,  also,  the 
sediments  were  heaped  up  so  rapidly,  that  during  a  depression  of 
several  thousand  feet  the  rate  seems  only  to  have  kept  pace  with 
the  accumulations,  and  shoal  conditions  continued  to  prevail  during 
the  whole  time.     As  the  depression  went  on,  the  areas  first   sub- 
merged received  only  such  materials  as  could  be  carried  a  consider- 
able distance,  and  hence  finer  deposits  are  found  over  these,  whilst 
in  the  more  immediate  regions  of  the  still  unsubmerged  lands,  the 
rougher  materials  continued  to  be  heaped  up.     We  find,  therefore, 
contemporaneous  deposits  formed  to  some  extent  of  very  different 
materials,  and  varying  considerably  in  thickness.     After  the  close  of 

1  Quart.  Journ.  Geol.  Soc,  Nov.  1876. 
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the  Cambrian,  marine  lifeBelped  in  making  up  the  formatione  in  nearly 
all  the  areas,  and  in  some  caseB,  as  may  be  seen  on  referring  to  tbe 
Folding  Table,  to  build  them  up  almost  entirely.  By  the  oloee  of 
the  Lower  Silurian,  the  pre-Cambrian  crust  bad  been  depressed  ftlong 
the  south-western  borders  of  Europe  to  a  depth  of  over  30,000  feet, 
and  sediments  to  that  extent  had  in  some  caaes  been  heaped  up. 
Along  the  eastern  borders  of  North  America  sediments  had  also 
accumulated  to  a  depth  of  over  18,000  feet,'  bo  the  depression  there 
muet  nlBo  have  been  great.  Over  other  areas  the  setlimenta  were 
comparatively  thin,  and  the  crust  at  those  parts  but  slightly  sub- 
merged. In  many  of  these  places  the  faunas  also  are  such  as  would 
indicate  only  a  moderately  shallow  sea.  In  some  parts  in  Asia,  in 
America,  and  also  in  Europe,  the  higher  points  of  the  pre-Cam- 
brimi  ridges  were  stilt  above  the  water-level.  Hence  it  is  evident 
that  the  series  up  to  this  time  must  have  varied  greatly  in  thickness, 
and  generally  in  proportion  to  the  unevenness  of  the  pro-Cambrian 
oniBl.  In  Lower  Silurian  time,  volcanic  action  took  place  over 
limited  areas,  and  the  sediments  at  those  parts  were  greatly  added 
to  by  the  ejeclamenta,  and  therefore  heaped  up  rapidly.  In  Great 
Britain,  and  the  south-west  of  Europe,  and  also  in  the  neighbour- 
hood of  Lake  Superior'  in  North  America,  the  Lower  Silurian 
rocks  are  made  up  in  part  from  volcanic  materials,  as  tuff  or 
oontempomneous  trap,  and  asbea  re-arranged  by  water.  The 
TolcanoB,  which  at  first  appear  to  have  been  entirely  submarine, 
had  Jieaped  up,  before  the  close  of  the  Lower  Silurian,  by  repeated 
eruptions  in  tlie  British  areas  of  North  Wales  and  Cumberland, 
sufficient  material  to  reach  in  some  places  considerably  ont  of  the 
water,  and  hence  to  form  islands.  During  the  later  period  of  these 
eruptions,  certain  movements  terminating  in  the  elevation  of  portions 
of  the  earth's  cmst  took  place  also  over  limited  areas  in  Western 
Europe  and  in  North  America.  In  Western  Europe  these  move- 
ments seem  to  have  been  confined  to  the  immediate  regions  of 
volcanic  action,  but  in  North  America  they  were  apparently  nnao- 
companied  by  any  direct  outbursts,  though  the  uplifted  portions  show 
indications  that  the  sediments  had  been  subjected  to  the  influence  of 
great  heat ;' greater  in  myopinionthanwhat  could  be  produced  by  con- 
tortion and  upheaval  only,  if  the  evidence  in  other  rocks  which  have 
undergone  contortions  only  can  be  relied  on.  This  break,  the  first 
in  the  Paleeozoio  rocks,  is  entirely  confined  to  portions  of  the  areas 
first  submerged  and  usually  to  the  deeper  parts,  and  where  the 
greatest  thickness  of  sediment  had  accumulated  on  the  Pre-Cambrian 
crust.  Immediately  after  these  movements  had  taken  place,  depres- 
sion seems  to  have  gone  on  again  over  those  areas,  and  parts  which 
had  been  raised  above  the  water  were  once  more  covered  by  the  sea, 
and  sediments  thrown  down  upon  them.  It  will  be  seen,  theiefote, 
that  these  breaks  are  not  signs  that  there  was  an  arrest  in  the 
subsidence  generally  over  even  these  areas.  Over  the  larger  areas, 
it  is  certain  that  the  contraction  of  the  crust  at  this  period  continued 

•  H.  D.  Rogers,  Dsna,  etc.  '  Poster,  Whitney,  Owen,  ete. 

'  Green  Monntaiii  Begioa,  Logsn,  sccoidiug  to  Dun,  Kant,  etc. 
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JO  on  onintemiptedly,  and  the  sediments  show  perfect  conform- 
lit;  there  at  this  point.  Even  in  the  British  area,  the  breaks 
re  restricttwi  to  narrow  limitB,  and  beyond  these  limits  the  sedi- 
nts  accumulated  regularly,  and  each  epoch  is  there  fully  r^pre- 
led.  An  nncunrormity  over  a  small  area  is  no  ovidenoe,  there- 
),  of  a  want  of  continuity  in  the  greater  changes  that  were  taking 
X,  and  its  presence  is  no  criterion  that  there  was  at  that  time  a 
eral  arrest  in  the  subsidence,  and  hence  in  the  contraction  of  the 
rt  throughout  the  lai^er  part  of  the  Northern  Hemisphere.  In 
classification  of  the  rocka,  such  a  line,  however,  ia  useful,  and  as 
an  be  recognized  in  more  than  one  district  in  Europe,  and  in 
■th  America,  it  forma  a  good  boundary-line  between  the  Lower 

Uppwr  Silurian.  The  line  of  demarcation  has  hitherto  been 
■xA  by  authors  in  very  variotia  positions  and  generally  in  accord- 
e  with  what  has  been  observed  by  thora  in  the  places  under  their 
errataon. 

'or  preflent  parposes  I  propose  to  retain  the  line  adopted  by  the 
1  Sir  Charlea  Ljell,'  and  hence  to  inclnde  the  liower  IiIandoTeiy 
he  Upper  SUorian.  Another  reason  for  doing  this  is  the  tolerable 
▼enality  over  the  British  area  of  a  baud  of  limeatone  at  the  close 
the  Bala  period,  and  which  seems  to  have  been  formed  just  before 
uplifting  took  place.  It  is  known  in  parts  of  Wales  as  the  Himant 
aestone,  in  Shropshire  aa  the  Caradoc  Limestone,  in  Cumberland 
Lhe  Coniston  Limestone,  and  in  Scotland  as  the  Wrae  Limestone, 
ve  have  here  a  good  line  formed,  and  over  considerable  areas. 
some  of  the  undisturbed  regions  in  Europe  and  in  America  the 
nation  of  limestone  which  commenced  early  in  the  Lower 
irian  continued  to  go  on  uninterruptedly  at  its  close,  and  there 
Iged  over  and  connected  it  with  the  Upper  Silunan  so  closely  that 
doubt  can  arise  aa  to  the  continuation  of  similar  general  con- 
ons  throughout  the  greater  part  of  these  two  epochs  in  those 
is.  In  Britain  limestone  beds  of  any  importance  are  first  found 
the  Llandeilo  Epoch,  and  were  it  not  for  the  frequent  spreading 

of  the  volcafiio  material  over  the  sea-bottom,  there  can  he  no 
bt  that  the  Lower  Silurian  period,  like  that  in  America,  would 
re  be  represented  chiefly  by  limestone  formations.  At  present 
p  occur  at  invervals  in  the  series,  and  they  show  evidence  of 
ing  been  deposited  only  during  quiet  periods  intervening  Ijetween 
more  active  eruptions.  These  limestones  were  doubtless  formed 
irely  by  marine  life,  and  in  many  places  they  are  now  exceedingly 
I  in  fossils.     A  quiet  period  consequently  would  be  required  for 

building  up  of  any  considerable  thickness,  and  as  they  are  now 
ikest  the  farther  removed  they  are  from  the  disturbed  areas,  it  ia 
dent  that  the  interruptions  were  due  to  the  life  being  suddenly 
troyed  or  checked,  and  from  being  covered  over  also  by  an  escess 
material  thrown  out  over  the  sea-bottom.  It  is  probable  also  that 
ere  some  of  these  formations  were  built  up,  a  barrier  in  the  shape 


^    _ 
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fiuu,  '.rttciuil;  ignmi  Cir  Swun  .h  -&  mafaiMnt.  sid  I  bd  longer  fed 
jnat-dAft  in  'feii^ing  n  idil  ±i&  fmir^iIiiE  ^rm.  to  cfciMB  I  fcsTe  alnady 
itMrfA  coivwn.  TIm  cfaackxffir  jf  :^  itaiB  ^  ami  htt  wbwl  is  w 
^wvitinr  «  EA  ptsdadt  tiaa  ifaoQ  gnu  &«mp  pbced  in  uij  one  of 
l!M  i(nMr«  atawfj  fened.  Mb£  I  cboribce  propuae  ■  nsw  Biib-geniis 

BfticvTxiiwv  J.  S.  O. 
M>^tt  ^mfiA*A.  dongstcd ;  wborfo  ribbed ;  hat  wbori  ugulated, 
tAftit'ifttttM :  'mUrt  lip  tfaia  aad  tariKd  sli^ittj  tnirarda,  projeotiiig 
tHtf'fii/t  Unf  •}f)r«l  Mgb ;  mootfa  angnUr. 
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BBACHTffroKA  AxauLASiB,  Seslsy.    QaoIL    Plate  lY.  Figs.  11  &  11a. 

Siell  elongated,  angle  24°;  whoiU  ten  or  eleven,  elevated, 
■odeiately  convex ;  apex  smooth,  not  acuminated.  Bibs  twelve. 
Marly  atraight,  piDmineat,  ronnded ;  antnral  region  flat,  strongly 
ihiatflil ;  atrue  rounded  and  nndnlating,  not  angulated,  crossed  by 
foB  lines  of  growth.  Tha  last  whorl  is  angulated  and  projects 
heyond  the  spiral  angle ;  the  ribs  are  absent  on  the  dorsal  aide  near 
tt»  aperture,  and  are  replaced  by  lines  of  growth ;  it  also  ftoBsesBes 
two  sliglit  keels,  the  anterior  being  but  faintly  marked.  The  mouth 
■  Rib-pentagonal.  The  oast  is  distinctly  ribbed  and  preserves  traces 
of  atrae,  the  last  whorl  being  smooth,  but  with  remaina  of  the  keels. 

Tliia  species  is  readily  dblingnished  from  all  others  of  tbe  Ganlt 
1^  the  greater  height  of  the  whorls.  The  wing  process  is  so  very 
ndooed  that  the  shell  might  he  taken  foraScafarta;  bat  the  change 
in  <diaracter  of  the  last  whorl  leaves  no  doubt  that  it  is  a  true 
^forrkaU,  to  which  genns  indeed  Piotet  and  Gampiche  had  already 
loticed  its  resemblanoe. 

Seeley  describes  this  speoies  in  the  Ann.  and  Mag.  of  Nat.  Hist. 
far  April,  1861,  p.  6,  pi.  xi.  fig.  9,  as  Sealaria  aagularit,  from  a 
■penmen  belonging  to  Mr.  Carter,  of  Cambridge. 

Family  RissoiDiE,  Forbes  and  Hanley. 

\o  true  Rlieoa  appears  hitherto  to  have  been  found  in  British 
Cret.'u.-eoua  rocks,  although  a  few  speoiea  have  been  described  on  the 
Continent. 

The  Bisioida  were  separated  from  Lamarck's  family  of  Lttlorinida ; 
fince,  they  have  been  classified  by  Schwartz  von  Mohrenstein, 
Deshayes,  Adams,  W.  Stimpson,  and  others,  and  the  family  has  been 
divided  into  as  many  as  seven  aub-families  and  43  genera,  of  which 
only  one  is  now  brought  under  notice. 

The  Siisoidm  are  of  especial  interest,  on  account  of  the  gradual 
transitions  found  amongst  them  from  aquatic  to  terrestrial  forms. 
Tbe  marine  species,  however,  usually  posseaa  a  atrong,  solid  shell, 
sod  are  ornamented  with  strife  or  riba  ;  the  brackish- water  forms 
have  a  thinner  shell;  whilst  the  shell  of  the  freah-water  and 
smpbibioua  species  is  generally  thin  and  smooth. 

BiSSOINA, 

was  proposed  as  a  sob-genus,  by  d'Orbigny,  of  the  mollusca  found 
daring  his  voyage  in  South  America,  and  later  erected  into  a  genus 
in  consideration  of  the  operculum,  the  muacular  impreasion  of  which 
has  an  elongated  proceaa.  It  ia  adopted  by  most  clasaificra.  Schwartz 
von  Mohrenatein  '  has  published  a  monogrnph  on  Ri'saoina,  in  which 
is  enumerated  91  species,  29  being  fossil.  Desiiayes  accepts  the 
genns  with  hesitation,  but  gives  a  minute  description  of  ita  characters. 
The  Bistoirta  are  small  marine  mollusca,  which  live  on  algm  in 
shallow  water  and  in  warm  latitudes.  They  are  particularly  dis- 
tinguished by  the  form  of  their  aperture,  which  is  oval,  crescentic. 
narrowed  posteriorly,  the  lips  uniting  on  the  penultimate  whorl ;  it  is 
■  DeakBcbriftsD  d.  k.  Akad.  d.  WiaseiuGh.-Matheia.,  18S0,  vol  19. 
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dilated  in  front,  so  that  the  extremity  projeots  beyond  the  colnmella. 
The  aperture  is  oblique  to  the  axis,  towards  whioh  the  front  is  in- 
clined ;  the  outer  lip  is  very  mach  thickened,  the  thick  edge  being 
sinuous;    it  is  sometimes  terminated  an- 
teriorly by  a  slight,  narrow  and  shallow 
groove,  whilst  in  a  few  species  the  front 
edge  forms  a  gradual  curve,  the  point  of 
demarcation  being  scarcely  visible,  passing 
thus  insensibly  into  Bissoa,     The  figure 
represents  the  mouth  of  B.  Soteerhii,  which     Mcmtb  of  Smamm  aowertu. 
may  be  considered  typical  of  the  genus. 

H.  A.  Adams  thus  defines  the  genus  : ' — "  Shell  turreted,  ribbed  or 
cancellated,  many-whorled ;  spire  acuminate ;  aperture  ovate,  efifuse 
anteriorly,  slightly  channelled  in  front ;  outer  lip  anteriorly  dilated, 
thickened  internally.*' 

Bissoina  first  appears  in  the  Jurassic  rocks ;  in  the  Cretaceous  era 
the  species  are  few,  only  three  being  described ;  of  these,  but  one  is 
British ;  a  fourth  is  here  added  for  the  first  time. 

EissoiNA  iNOEBTA,  d'Orb.  Gault,  Folkestone.  Plate  IV.  Figs,  12  and  13. 

Shell  elongated,  angle  of  spire,  exclusive  of  projected  lip,  20°;  * 
whorls  slightly  rounded,  smooth,  without  trace  of  ornamentation, 
sutures  distinct;  mouth  ovate,  outer  lip  inflected  and  dilated,  very 
much  thickened,  slightly  channelled  anteriorly.  The  surface  of  the 
shell,  when  highly  magnified,  exhibits  an  irregularly  wavy  striated 
appearance,  somewhat  similar  to  the  bark  of  trees  (Fig.  13a).  This 
species  was  first  described  by  Deshayes  as  Melunia  inceriaj  1841, 
Mem.  de  la  Soc.  G6ol.,  t.  4,  p.  320,  and  again  by  d'Orbigny, 
Pal.  Fr.  p.  62,  pi.  165,  ^g,  11-13,  and  by  Schwartz  von  Mohren- 
stein,  in  his  Monograph,  1860,  tab.  xi.  f.  89.  D'Orbigny's  figure 
presents  a  smaller  angle  than  that  of  our  specimen. 

It  is  not  a  very  uncommon  shell,  being  found  in  a  beautiful  state 
of  preservation  in  the  Gault  of  Folkestone.  The  shell,  when  the  last 
whorl  is  not  present,  resembles  and  has  been  described  as  a  Eulima. 

EissoiNA  SowEKBii,  J.S.G.     Gault  of  Folkestone. 
Plate  IV.  Figs.  14  and  15. 

Shell  elongated,  angle  of  spire,  exclusive  of  last  whorl,  20°: 
whorls  ten,  inflated,  transversely  and  obliquely  ribbed,  the  ribs, 
extending  to  the  sutures,  without  striae ;  sutures  distinct ;  mouth 
ovate,  outer  lip  inflected  and  dilated,  very  much  thickened,  slightly 
channelled  anteriorly.     Last  whorl  without  ribs  dorsally. 

Sowerby  figured  this  shell  in  the  Trans.  Geol.  Soc,  vol.  iv.  pi.  xi. 
fig.  17,  as  Bostellaria  huccinoidea.  He  remarks  that  the  shell  has 
but  one  varix,  by  which  he  probably  intended  to  signify  the  thicken- 
ing of  the  mouth,  as  the  shell  is  not  subject  to  varices. 

B,  Soteerhii  strongly  resembles  the  last  species  in  general  form, 
but  is  ribbed.     It  is  abundant  at  Folkestone,  but  has  hitherto  been 

^  Adams,  Genera  of  the  Mollusca,  yoL  i.  p.  327. 
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linaken  for  Sealaria  Qaatyna,  on  acconnt  of  a  revemblaitoo  to 
Orbi^j'a  figure  of  that  form.  I  have,  however,  had  an  oppottu- 
ty  of  comparing  the  aotaal  BpeoimenB  in  d'Orbigny'B  oolleotion  at 
e  Jardit)  dea  FlsotM,  and  find  that  hla  apeoies  ia  a  trae  Sealaria, 
id  atbUDS  oonrideiably  larger  dimenaions  than  doea  Biiioina. 
The  genus  Keilottoma  of  Deahayea  is  found  in  the  Cretaceous  rocks 

iXClTATTOKS    AT    THX    KeSBLKBLOOH     KZ&B     ThaTHOKM,     SvITZEB- 

iahd;    a  Gave  of  the  Bkindkkb  Fibiod.     By  Covbad  Mekk. 

Translated  by  Jomr  Edward  Lee,  F.S.A.,  F.G.S.    8vo.,  pp.  76, 

¥4t)Dtispiece  and  15  Flates.     (London  :  Longmans  and  Co.,  1675.) 

(PLATE  V.) 

rS  Btadent  of  prehietorio  arohnology  in  Britain  is  deeply  in- 
debted to  Ur.  John  Edward  Lee  for  his  Taluable  contribationa 
to  oar  literature  in  this  department.  His  translation  of  "Keller's 
|l4ke  Dwellinga  of  Switzerland  "  was  of  the  greatest  utility  here  in 
England,  and  enabled  many  to  realize  the  vast  store  of  relics  which 
'  Kdlsr  and  his  countrymen  had  brought  to  light,  bearing  upon  the 
I  wrly  condition  of  these  Lacustrine  peoples. 

\  The  present  work  is  a  translation  of  Conrad  Merk's  account  of  the 
twnit  t)f  eicavations  at  the  Kesslerloch  Cave,  near  Thayngen,  Canton 
;  Ecbaffliausen.  and  introduces  us  to  a  cave  of  the  "Reindeer  Peiiod," 
'  "ticL  in  il8  buried  relics  forcibly  reminds  us  of  the  Belgian  caves. 

■  ind  of  [he  eavem  of  Bruniquel  on  the  Aveyron,  and  those  of  the 
^wre  described  by  Messrs.  Ijartet  and  Christy  in  the  Se/iquitg 
M*ilmta,'  so  ably  edited  by  Prof.  T.  Rupert  Jones,  F.K.S. 

)lr.  Merk,  the  discoverer  and  explorer  of  this  cave,  was  for  some 
Sme  the  Government  teacher  of  practical  science  at  Thayngen,  and 
Im  etinced  an  amount  of  acumen  and  research  in  carrying  out  this 
•ork  which  deserve  the  highest  credit.  The  SchafThausen  Natural 
Hietoij  Society,  under  advice  of  its  able  President,  Dr.  Von  Man- 
fisci,  undertook  the  whole  expense  of  the  exploration.  Half  the 
oolleclion  gathered  was  sold  by  the  discoverer  to  tbe  Museum  of 
Omstince,  the  other  half  remains  in  the  Museum  of  Schaffhausen. 

iUr,  Lee,  who  ei&mined  ihe  collection  at  Schaffhausen  in  company 
with  Mr.  A.  W.  Franks,  F.R.S.,  Keeper  of  the  Ethnological  Collec- 
tions in  tbe  British  Museum,  is  able  to  testify  to  the  genuineness 
lad  excellence  of  the  relics.  With  the  exception  of  two  incised 
Iniwings  on  bone  (foimd  afterwards  by  a  workman  in  the  heap  of 
ubbisb  left  after  sifting  by  Mr.  Merk),  a  doubt  even  has  not  been  cast 
pon  any  of  the  remains.  The  series  of  layers  composing  the  cave 
eposilB  occurred  in  tbe  following  order  :  Tbe  Uppermost  Bed, 
arj-iug  in  thickness  from  47  to  55  inches  near  the  mouth  of  the  cave, 
)  41  inches  near  the  middle,  and  SJ  inches  in  tbe  further  northern 
liamber,  is  composed  of  angular  fragments  of  White  Jura  Limestone, 

■  This  fine  work  i»  juet  tompleted  (see  Ghol.  Mao.,  Dec.  1876,  p.  610),  and  may 
•  obtained  fiom  tbe  pabliahen,  WiUisms  &  Noigite, 
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mixed  with  disintegrated  rock  and  surface  mbbish.  It  was  nee 
sary  to  remove  4,300  cubic  feet  of  this  uppermost  layer,  or  ab 
170  tons.  Beneath  this  rubbish-bed  a  layer  of  Stalagmite  was  n 
withy  from  12  to  20  inches  in  thickness.  The  Stalagmite  was 
hard  that  it  had  to  be  blasted  with  gunpowder  in  order  to  remove 

Numbers  of  bones  and  a  few  flint  flakes  were  foimd  adhering 
the  underside  of  the  Stalagmite  floor.     Beneath  the  Stalagmite  a 
rubbish-layer  followed  the  relic-bed,  a  lajer  of  black  earth  made 
chiefly  of  a  mass  of  fragments  of  bones  of  yarious  animals,  togetl 
with  hearth-stuff,  flint  flakes,  and  the  remains  of  weapons  and  on 
ments  in  bone  and  horn,  so  characteristic  of  the  Gaye-folk  of  t 
Eeindeer  Period.     This  bed  was  found  to  be  15  inches  thick 
front  of  the  Caye,  in  centre  11  inches,  and  at  the  back  part  on 
4  inches.    This  bed  also  extends  considerably  in  front  of  the  *Ga 
deep  down  under  the  present  surface,  marking  the  waste  of  the  lin 
stone  and  the  rate  of  accumulation  of  debris  outside  the  Oaye. 

Below  the  black  relic-bed,  and  extending  over  the  whole  floor 
the  Cave,  another  bed  was  met  with  coloured  Ted  with  peroxide 
iron,  and  also  containing  bones  and  implements  in  a  matrix  of  coi 
minuted  limestone.  This  bed  varied  in  thickness  from  14  to  1 
inches.  Beneath  the  red  bed  was  a  regular  bed  of  yellow  loam,  t 
depth  of  which  has  not  been  fully  ascertained.  No  implements 
bones  were  discovered  in  this  bed,  although  some  few  bones  m 
implements,  and  also  some  flint  flakes,  lay  pressed  into  it,  provii 
that,  in  this  case,  man  was  the  first  occupier  of  the  Cave. 

Each  layer  was  carefully  removed  by  Mr.  Merk,  and  its  conten 
kept  perfectly  distinct  from  the  other,  and  submitted  to  Profess 
Riitimeyer ;  but  although  differing  markedly  in  colour  and  conditio 
the  bones  from  the  two  layers  do  not  prove  in  any  way  distinc 
We  have,  then,  in  this  Cave  6m/  one  period  represented,  althou^ 
it  was  a  place  of  lengthened  occupation.  The  cubical  contents  < 
the  red  and  black  layers  removed  amounted  to  nearly  3,530  cub 
feet.  About  one  ton  and  a  half  weight  of  bones  was  extracted  fro 
the  cave-earth.  Every  bone  which  contained  marrow  had,  as  usue 
been  broken  in  pieces ;  indeed,  no  entire  bones  of  any  kind  appei 
to  have  been  met  with.  At  least  90  per  cent,  of  the  bones  fouE 
belonged  to  the  Reindeer ;  they  afford  evidence  of  about  200  adu 
Reindeer  and  50  young  ones  slaughtered  for  food  by  this  one  Cav« 
family.  Remains  of  about  twenty  Horses,  of  six  great  Red  Dee 
probably  as  l<|rge  as  the  Wapiti  (Cervus  Canadensis),  were  also  foun( 
together  with  fragmentary  evidence  of  Bos  primigenius,  of  Bisi 
priscus,  and  two  phalangeal  bones  referred  to  the  "Marsh-Cow 
(similar  to  that  met  with  in  the  Swiss  lake-dwelKngs).  With  thej 
have  also  been  found  the  Ibex  and  Chamois.  A  considerable  numbt 
of  bones  of  the  Mammoth  {Elephas  primigenius)  have  been  founc 
including  several  portions  of  skulls  and  various  bones  of  youn 
animals  of  different  ages,  phalanges  of  adult  elephants  and  a  larg 
number  of  broken  fragments  of  great  bones.  Most  of  these  Mammotl 
bones  come  from  the  lower  (red)  relic-bed,  some  resting  immediatel 
on  the  clay,  and  some  were  coated  witli  ^tala^ite.    But  two  molai 
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io3  a  task  were  found  in  the  black  bed,  together  with  many  frag- 
nents  of  task.  Th«  tusk  was  only  2^  inoheB  below  the  block  band, 
md  is  S3  iuches  long,  and  weighs  42  poiinda ;  bat  owing  to  ita  fria- 
sflifrf  (and  probably  to  a  want  of  knowledge  of  the  prooess  of  gela> 
jnuing  such  relics),  it  fell  to  pieces. 

The  Cave  of  Kesslcrloch  also  fnroishcd  some  fragmentar;  remains 
if  ShimAteToa  tichorhinuf.  probably  an  old  animal;  17  Wolves,  80 
Poxes,  1  Willi  C!(l.  4  Lvnxi^';:  sninp  fragmentary  remains  of  the 
iJsTe-lkHi  ,/M:-  !/.,^„,n,'i  Gliitli.ris.  2  or  S  Bears  (Ur$ui  arcloa), 
I  Uarmot,  and  more  than  500  Alpine  Hares  which  had  been  eaten 
n  this  oave.  Aboat  80  Ptarmigan,  a  wild  Goose,  a  wild  Swan, 
he  Baven,  a  Sea  Kagle^  etc,  make  up  the  bill  of  fare  of  these  old 
3aTe-folks. 

Altbon^  the  weapons  apM  in  character  with  those  of  the  Belgian 
ind  French  caves  (see  Plate  Y.),  and  the  incised  drawings  of 
inimals  are  not  a  new  discovery  in  these  prehistorio  retreats,  yet, 
levertheless,  we  fully  agree  with  the  translator  (Ur.  J.  E.  Lee)  in 
be  opinion  that  the  dw&Uers  in  the  Eesalerloob  Gave  had  attained  to 
>  degree  of  exoellence  in  their  engraving  of  animals  saperior  to  that 
if  the  dwellers  in  Aquitanio. 

In  support  of  this  view,  we  would  refer  our  readers  to  the  life- 
ike  representation  of  a  Beindoer  found  in  this  Cave  engraved  iipon 
.  portion  of  the  beam  of  a  horn  of  that  species,  which  we  repro- 
luced  in  the  Gkological  Magazine  for  December,  1875,  Pi.  XV. 
).  610.  We  cannot  help  placing  this  example  in  the  first  class 
iiDOng  prehistoric  engravings.  As  to  the  two  doubtful  drawings 
rom  this  Cave  (given  on  pi,  xv,  figs.  98  and  99),  we  ehonld  feel 
ouch  hesitation  in  vouching  for  their  genuineness,  and  cannot  but 
ecall  the  familiar  Eeaard  of  our  fable-book,  and  the  equally  friendly 
ace  of  Bruin  in  search  of  honey,  or  performing  in  our  market-place. 

Mr.  Conrad  Merk  deserves  the  higlieet  praise  for  his  work.  The 
'ave  is  one  of  no  small  interest,  as  bringing  together  the  Keindeer 
nd  Klsmmoth  Periods,  and  showing,  as  we  have  elsewhere  main- 
liued.  that  there  were  no  hardly-defined  boundaries  between  any  of 
iiese,  but  that  just  as  the  Pal!i?olithic,  the  Neolithic,  the  Bronze,  and 
be  Iron  ages  shaded  into  each  other,  or  existed  side  by  side,  so  the 
eriods  of  the  Mammoth,  of  the  Reindeer,  and  of  the  modern  Fauna, 
.ave  passed  imperceptibly,  and  by  slow  gradations,  over  Western 
Europe,  some  forms  dying  out,  as  the  Mammoth  and  Khinoceros; 
thcTB  migrating  north,  as  the  Reindeer ;  others  again  passing  slowly 
inder  the  domination  of  man,  as  the  Horse  and  the  Ox  ;  whilst  the 
tison  and  Red  Deer  are  gradually  becoming  exterminated  by  the 
escendants  of  Nimrod,  whose  weapons  are  a  thousand  times  more 
laadly  than  those  of  the  hunters  of  the  Kesslerloch, 
EXPI.AXATION  OF  PLATE  V. 
{Thia  ia  "Plate  VII.''  in  Mr.  Lee's  Engliah  Edition.) 

Articles  of  orDument  and  weapons  of  the  chuso  from  ttie  Cave  of  the  EesKlerloch, 
eat  '["haj^gen,  Stbaffhausen,  Switzertand  : 
'lo.  29. — Ornamental  scraper  (aee  p.  40  of  Mr.  Lee'a  boak). 
„    30. — Onuunented  apear-tiead  (p.  37,  op.  cit.). 
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^^M^i  L/»ifcH.     [n^tfHUiHi  Kimf  j«Ks  «MW  ■  ISalt,  «»s  the  ore- 

;;,4  '^.'J'^vaJ  MT'TtTY.iiti-ww  reiaiuif  K>  ifae  fsljeet,  with  ■  view  o[ 
u° '--^  u>  t^  ■«tin(ii:'&a  InKTakl  paon- swppl;  of  w»ter;  ud 
)-..<  r')^;!iK:a]  kscniec^  ti^d»vl  Uh  ■■  i^emfnt  nanbo-  of  the 
I:,-.-iu  C'xrauHKm  CB  W»vr-S«|i«tlT  of  1S66.  In  this  lecture,  the 
tr.'-.  'if.  u  CjaoniKid  in  T^ukm  u  dw  ««t^-sapplj-  of  Oxford,  and, 
af-^r  w^if^  gmenl  bat  iniened^  obso-nbons.  ibe  antlwr  allpdM  to 
u^.  f'yrufiT  sopplj  from  the  lii'H'-  tad  the  preseot  Bopply  &oni  the 
\iUi:J  grart^  "^  its  eanitaiT  beving;  ssd  tb«9i  prooeeds  toindkale 
,,t  !,(;(■  Doarrw*  of  »nH>ly  depeBd«it  on  the  gfological  oonditioiu  of 
th<:  ftnrrijaDding  coonti;,  which  uc  folly  discmaed,  as  well  aa 
tU  <j"iality  of  the  water  likely  to  be  obUined.  From  this,  it 
Mtiii^n  that  the  Tariotts  ■oorceB  for  a  beUer  supply  to  Oxford 
,,r,;_tlie  water  in  the  gravel  betieath  the  allnyial  deposits  of  the 
Ijtin,  taken  ^oore  Oxford, — by  an  artesiaii  well  north  of  Oxford, 
t,y  HTfringt  in  the  Chalk  and  Oolites,  as  wel!  as  from  wells  ia 
tun  name  formationi,  both  of  which  would  yield  an  abundant 
aiid  cicellent  watsr ;  the  only  objection  to  the  latter  two  sources 
bdni£  their  di<tance  from  Oxford,  We  cordially  reoommend 
the  vvmui  ot  this  lecture  not  only  to  the  inhabitants  of  Oxford,  bat 
.1 .  Mneral  reader,  and  to  those  interested  in  taking  precautionary 
noMiirc*  for  i>reventing  the  poUution  of  water  supply.    It  is  accom- 
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k  Vi  ^^  with  a  neat  hydro -geological  map,  plan  and  §ectioiu  relating 
l^j-  ^  ^'ogy  and  water-BuppIy  of  Oxford,  which  waa  the  real 
r  fell  of  the  lecture.  Still  the  aiibjeot  is  treated  in  a  anfBoiently 
*H^  *^1  manner  to  be  equally  applicable  to  other  towna,  villages, 
*ly  '^'aasions,  einiilarly  situated  grologioally,  and  where  oontaminA- 
(ft^  Of  water  most  probably  occur,  as  shown  in  the  diagram 
4^  1  and  2j,  where  surface  welis  exist  in  close  proximity  to  the 
^«iiUge  of  cesspits  and  other  impure  sources.  "  At  the  same  time," 
jj^J*  (he  author,  "  however  pmutical  the  qnestion  of  water-sopply 
^)  te  in  one  aspect,  the  knowledge  of  the  undei^pvund  distribution 


^I 


*)in  is,  in  its  other  hearineiB,  not  leas  essential  to  the  theoretical 
'       ■-  ^  J.  M. 


Ji —rHK  Qkological  Rbcokd  fob  1874 :  an  Account  of  Works  on 
Geology,  Mineralogy,  and  Falieontology,  published  during  the 
Tear.  Edited  by  William  Whitakxr,  B.A.,  F.G.S.,  of  the 
Geological  Survey  of  England.  8vo.  pp.  41i-  (London : 
Taylor  k  Prancis,  1875.) 

EXCduRAGED  by  the  sucoesG  which  has  attended  the  "  Zoolo- 
^cal  Record,"'  and  urged  on  by  the  growing  necessity  felt  by 
gcvlc^ista  for  Bome  concise  and  bandy  book  of  ready  reference  for 
the  convenience  of  English  students,  auoh  aa  Qerman  and  French 
Kifntific  men  have  long  enjoyed,'  a  small  band  of  disinterested  and 
araest  workers  in  geology,  palreontology  and  mineralogy  imited 
leather  in  1674,  and,  aided  by  a  list  of  gQarantors  (whose  function 
tiiis  happily  been  a  purely  honorary  one),  they  have  issued  to  sub- 
scrit)era  of  108.  6d.  a  neat  and  clearly-printed  large  8vo.  volume  of 
414  pages  of  well-arranged  matter,  containing  a  brief  summary  of 
more  than  2,000  papers  for  1874. 

The  general  ediloris  Mr.  William  Whitaker,  who  is  an  old  soldier 
at  Euch  tasks  (having  himself,  single-handed,  compiled  and  publislied 
some  most  useful  lists  of  works  relating  to  special  districts,  as  well 
M  being  the  author  of  several  able  Survey  Meraoii's).'' 

Mr.  Whitaker  is  supported  by  Mesars.  H.  Bauerman,  F.  J.  Bennett, 
IV.  Carmtbers,*'  F,  Drew,*  C.  E.  De  Ranee.  E.  Erdmann,  R. 
Edieridge,  Jun,,*  Walter  Flight.  C.  Le  Neve  Foster,  A.  H.  Green,* 
C.  P.  Gloyne,  T.  M.  Hall,  E.  T.  Hardman,  F.  W.  Harmor,  T.  R. 
Jones,  R  L.  Jack,  G.  A.  Lebour,«  L.  C.  Miall,"  H.  Miller,  E.  T. 
Newton,  H.  A.  Nicholson,"  J.  McPherson,  F.  W.  Rudler,"  F.  Rutley, 
E.  B.  Tawuey,  W.  Topley,*  and  H.  B.  Woodward.*" 
*  Those  marked  njth  a  *  act  as  Sub-Editon. 

'  The  "  ZooLoa:CAL  Bscoan"  was  commeaced  in  1B65,  nod  bos  nav  attained 
iu  tenth  Tolame. 

'  The  Neues  Jahrbuch  fiir  MineraloFie  und  Geologie  was  eommenced  in  1830  ; 
T'oR^ndorff'e  Annalen  waa  begun  at  Leipsic  in  17E>9,  and  has  reached  233  volamei ; 
Uelesse  and  De  Lapparent'i  RtTue  de  Geologie  haa  reached  11  volumes. 

1  List  aod  Snpplemeat  of  Works  on  the  (ieology.  etc.,  of  Devonshire,  1870-72. 
Trans.  Devon.  Assoc.  List  of  Works  on  the  Geology  of  Camhridgenhiro  (Woodwardian 
Moseum,  1873).  The  Geology  of  the  London  Baain  (in  part).  Geolofry  ot  Parts  of 
"  "     ■       ■  -    '     '-  ■■       ^    '  ,  „    „    ,  \  Ji.  Hants  (in  part),  and 
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The  "  Becord"  is  divided  under  the  following  heads,  namely  : —  * 
(1)  Stratigra|ihical  and  Doeoriptivo  Geology,  IGO  page* ;  (2)  - 
FhjBical  Geology,  2a  pages;  (3)  Applied  and  Economic  GooIoct,  = 
JO  pages  ;  (4)  Petrology,  24  pngea ;  (0)  Mineralogy,  40  pag«3 ;  (6)  ^ 
Paleontology,  80  pages ;  (7)  Maps  and  Sections,  10  pages ;  (8)  Mta-  ■ 
cellaoeous,  etc,  28  pages.     WitL  an  index  of  19  pages. 

On  the  average,  Uiere  are  as  many  as  five  abstraots  to  a  page,  bat  - 
occasionally,  where  tlie  siilijeot- matter  requiree  to  be  given  in  greater  ' 
detail,  they  ore  moro  lull. 

It  would  be  but  a  jwinr  compliment  to  pay  the  Editor  and  his  aUe 
staff,  to  say  that  the  woik  is  perfect ;  but  as  a  first  year's  result  it  is 
highly  satisfactory,  eiikI  the  general  plan  seems  admirable,  altliougfa     ' 
we  think  the  palieontological  section  might  be  classified  in  greater 
detail  with  adTontage, 

We  shall  look  forward  with  pleasure  to  the  appearance  of  vol.  it 
for  1875,  and  cannot  help  pi-opbesying  a  great  increase  both  in  lU 
Gontenla,  and  also  ia  the  nunibor  of  its  subscribers.  Heantime,  we 
would  record  our  best  ihatiks  to  the  compilers  and  editor,  for  the 
manner  in  which  they  have  caiTied  out  the  work  so  far. 

v.— Thi  Dawn  or  Lifk;    being    the  Hibtoey  of  thb  Oldkst 

Known  Fobsil  Remains,  and  their  Helationb  to  Gkologicai. 

Time  amd  to  tub   Devklopmknt   of  the   Aniual  Einqdom. 

By  J.  W.  Dawsun.  LL.D.,  F.lt.S..  F.G.S.,  etc.     8vo.  pp.  239, 

8  Plates  and  49  Woodouts.     (London:   Bodder  &  Stoughton, 

1875.) 

TTTE  are  all  so  fully  aware  of  a  grand  uniformity  of  plan  pervading 

YV     creation,  and  of  the  limits  of  variety  and  modification  in  organic 

growth  being  far  beyond  our  knowledge,  that  the  naturalist  regards 

any  apparently  strange  unconformist  in  the  ranks  of  the  animal  or 

the  vegetable  world  as  a  subject  of  curiosity — that  is,  of  inquiry  and 

roRearch,  rather  than  of  astonishment  and  blank  wonder.     So  also 

the  minei-alogist  and  the  chemist  look  on  every  newly-discovered 

substance  cumiog  under  their  notice  as  necessarily  part  and  pArtion 

of  the  great  but  varied  cosmical  mass  of  matter,  whether  organic  or 

inorganic.     It  cannot  be  really  strange  ;  it  has  its  relationships  and 

alliances;    it  falls  into  systematic  order  with  this  or  that  known 

group  of  things. 

Thus  prepared  to  recognize  a  wide  range  of  analogies,  similarities, 
and  identities,  the  biologist  and  the  mineralogist  sooner  or  later 
work  out  the  natures  and  alliances  of  the  objects  submitted  to  their 
examination  more  or  less  completely ;  and  systematic  knowledge,  or 
science,  increases. 

It  is  rare  indeed  now-a-days  that  a  question  arises  aa  to  whether 
a  material  under  examination  be  of  organic  or  inorganic  origin  ;  but 
in  the  case  of  Sir  William  Logan's  fossil  known  as  Eozo6n  Cana- 
dente  there  are  still  such  doubts  felt  and  expressed;  and  to  clear 
these  up  is  the  purpose  of  Dr.  Dawson's  book  before  us, 
Jn  the  treatment  of  the  vexed  question  whether  Eotoen  be  a  fossil- 
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ized  Foraminifer,  or  merely  an  arrangement  of  mineral  substances 
more  or  less  resembling  foraminiferal  stracture,  it  appears  that,  as  is 
natural,  some  obseirers,  mineralogically  inclined,  lay  great  stress  on 
tiie  mineralogioal  analogies,  similarities,  and  composition;  while 
olfaeri,  recognizing  what  they  believe  to  be  the  inimitable,  but 
petrified,  stmotnre  of  a  Foraminifer,  regard  it  as  an  organism. 
Further,  the  former  think  they  know  enough  of  Foraminiferae  to  be 
able  to  deny  that  there  is  as  much  of  the  special  structure  as  they 
•re  told  is  there;  and,  on  the  other  hand,  the  foraminiferists,  if 
geologists  too,  think  they  know  enough  of  minerals  to  be  able  to 
weigh  Dsiirly  any  doubts  in  that  direction.  How  like  other  discus- 
sioDs  polemic,  whether  in  politics  or  theology  1 

There  are  exoeptions  also  to  thia  grouping  of  the  disputants; 
for  not  only  do  many  professed  mineralogists  hesitate  to  claim 
EozoCfm  as  wholly  inorganic ;  but,  on  the  contrary,  at  least  one  ex- 
pert in  Bhizopoda,  as  seen  in  his  papers  in  the  "  Annals  of  Natural 
History,"  does  not  recognize  a  perfect  representation  of  the  Fora- 
minifer in  EozoiSn. 

In  1852,  1858, 1863,  and  subsequently,  the  late  Sir  W.  Logan  and 
his  colleagues  of  the  Geological  Survey  of  Canada  discovered  in  the 
Lanrentian  Serpentine-marble  of  the  Grand  Calumet,  on  the  Ottawa, 
at  Grenville  and  elsewhere  (Petite  Nation,  Burgess,  Tudor,  and 
liadoc),  specimens  of  a  fossil  form,  externally  like  Stromatopora  and 
Siromatoeerium,  but  internally  consisting  of  somewhat  irregular 
layers  of  calcite  and  magnesian  silicates,  and,  under  Principal  Daw- 
son's and  Dr.  W.  B.  Carpenter's  microscopes,  showing  an  arrange- 
ment of  constituent  parte  analogous  to  what  is  only  found  in  the 
shell-tissue  of  some  Foraminifera,  such  as  Calcarina,  NummuUna,  and 
their  allies,  the  cavities  of  the  shell  being  occupied  by  the  silicates, 
rarely  by  dolomite  and  even  calcite,  and  still  more  rarely  remaining 
empty.  Sir  W.  Logan  and  Dr.  Dawson  defined  the  fossil  as  an  organism 
consisting  of  a  foraminiferal  shell,  or  calcareous  tubuliferous  test,  once 
inclosing  numerous  segmente  of  sarcode  (now  replaced  by  silicates'), 
spreading  out  laterally  and  piled  up  vertically,  as  large  sessile 
patches,  about  a  square  foot  in  extent,  5  or  6  inches  thick,  and  con- 
taining microscopic  tubes  and  tubules,  mostly  filled  with  loganite, 
etc.  Accumulations  of  these  cake-like  patches  make  up  large  portions 
of  the  green  and  white  marbles  referred  to,  and  have  partaken  of 
the  mechanical  and  chemical  disturbances  and  alterations  which  the 
limestone  bands  and  the  inclosing  gneiss  have  undergone.  Obscure 
traces  of  perhaps  crinoidal  fragments  in  the  limestone,  and  the 
presence  of  graphite,  apatite,  and  iron  ore  are  regarded  as  indicative 
of  the  existence  of  organisms  in  the  Laurentian  seas ;  worm-tubes 
occur  in  associated  rocks ;  and  pebble-beds  in  the  gneiss  prove  the 
every-day  water-action  which  produced  the  now  metamorphosed  beds. 
The  heaping-up  of  broken  serpentinous  and  calcitic  Eozoon,  over  and 
beyond  the  recognizable  patches,  was  pointed  out  by  Sir  W.  Logan 

*  White  pyroxene,  pale  grey  serpentine,  loganite  (a  dark  green  aluraino-magnesian 
silicate,  allied  to  chlorite  and  pyrosclerite  in  composition,  but  differing  in  structure), 
pyrallolite  and  rensselorite. 
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as  oompleting  the  oonditions  of  these  Foraminiferal  reefs  of  the  period, 

and  Di.  Dawson  alludes  to  the  outspread  fragmeiits  of  EozoSa  ia  the 
rock  far  away  from  the  reef. 

Dr.  Dawson  in  his  "  Dawn  of  Life  "  gives  the  details  of  the  history 
of  thii  discovery,  together  with  an  aocount  of  the  Laurentian  rocks; 
and,  reprinting  the  papers  and  luemoira  by  Logan,  Hunt,  and  otliers, 
treating  of  these  matters,  he  points  out  the  new  lomlities  for  Eoio6n, 
and  additional  facta  illustrating  its  structure,  especially  due  to  careful 
and  reiterated  examinations  by  Dr.  Carpenter.  Ur.  Dawson  reoog- 
nizea  £.  Canadenm.  with  its  varieties  minor  and  accrvniina,  besi<les 
B.  Bofarienm,  of  Gfimbel.  Objections  (treated  of  in  Chapter  VII.) 
have  been  raised  to  the  notion  of  the  said  laminated  serpentine-lime- 
stone of  Canada  containing  traces  of  orgauio  structure ;  and  the 
granules,  threads,  brushes,  and  filaroenta  of  magnesian  silicates, 
which  are  construed  by  Dawson  and  Carpenter  as  infiUings  of  fora- 
miniferal chambers,  passages,  canals,  and  tubules,  traveraing  u 
calcareous  test,  have  been  regarded  as  deposits,  metamoqihs,  or 
pseudomorpbs  of  the  silicates  and  limestone,  like  some  apparently 
analogciuB  mineral  formations,  such  as  various  segregations  and  con- 
cretions, dendritic,  ooralloid,  laminated,  filamentous,  etc,'  Both  of 
these  kinds  of  mineral  arrangement,  one  due  primarily  to  organic, 
and  the  other  to  purely  inorganic  processes,  probably  exist  in  ench 
serpentinous  limeatones  aa  those  referrei]  to,  Just  as  both  mineral 
dendrites  and  real  Conforval  orgnnisms  exist  in  Indinn  chnlfedonies  : 
and  as  both  creeping  oxides  and  real  Sponge-tiesue  are  severally  re- 
cognizable in  flint.  For  the  particular  Canadian  limestone  under 
notice,  the  acceptation  of  a  foraminiferal  shell,  quite  within  the 
zoological  limits  of  known  Rbizopodal  life,  and  affected  by  mineral 
infiltration,  similar  to  the  glauconitic  infillings  of  the  shells  and 
skeletons  of  various  recent  and  fosail  organisms,  seems  to  be  a  natural 
exjilanation  for  the  phenomena  to  be  accounted  for. 

It  has  been  remarked  that  Eozoiin  occurs  only  in  metamorphosed 
rocks,  whether  in  America  or  Europe,  and  therefore  must  be  a  pro- 
duct of  metamorphism ;  but  it  is  replied  that  it  is  a  fossil  peculiar 
to  such  very  old  rocks  as  have  happened  to  be  subject  to  metamor- 
phic  agencies  from  tbeir  position.  We  may  add  that  perhaps  some 
of  the  green  grains  in  the  soft  unaltered  old  Silurian  clays  of  Russia 
may  be  Eozooual ;  and  some  of  those  figured  by  Ehrenberg  have 
such  aa  appearance. 

Principal  Dawson  has  brought  together  his  own  and  Dr.  Carpenter's 
observations  on  the  structure  of  Eozoon,  whether  silicated  or  not, — for 
in  some  instances  the  calcitic  layers  remained  channelled  and  per- 
forated without  any  iafillings,  though  difBcalt  to  be  rightly  seen 
except  by  an  expert,  and  only  with  a  high-class  microscope.     That 

'  Some  lerj  curiom  minute  imitatiTe  fonn*  presentrf  by  colte  are  tigured  and 
dra<^ribed  in  the  Phil.  Mug.  tor  January,  1876,  by  Mr.  E.  T.  Newton,  F.G.8.  We 
might  be  disposed  at  Srat  sight  to  set  them  in  rivalry  to  some  of  the  Eoioic  aCruetnrM: 
but  the  encnaitoid,  zoophvtoid,  plumoid,  and  other  forms  of  the  eoke  do  not  reaeh 
tncb  Bn  exact  state  of  sinulitude,  much  less  do  they  all  bo  definitely  represent  parte  of 
one  stractnre,  u  to  rapport  the  idea  of  their  being  analognee  of  the  particular  eerpea- 
tiaoiu  Eoioihiai  bodim  above  referred  to. 
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&»  ma^estSD  silicates  of  the  Eozobn  aro  analogous  to  the  glauconile 
of  otbcr  infiltrated  organisms  is  denied  by  some ;  but.  whollier  an 
in£llratioa  into  empty  cavitiea,  or  a  replaoement  of  animal  matter,  or 
n  altered  mud  or  ooze,  already  pressed  into  chamliera  and  tubes,  it 
itOl  appears  to  be  analogouH  to  the  not  very  different  glauconitic' 
iofiUiDgs  of  pores  and  boUowe  in  Echiaodonnat*!,  Coralline,  Pora- 
ui&iferal,  and  Polyzoan  tieeues,  and  even  of  minute  Molluscan  shells, 
■  known  in  both  recent  and  fossil  specimens. 

Other  objections  have  been  made  to  the  supposed  Foraminiferal 
rtrticture  itself,  particularly  to  tlie  asserted  presence  of  the  primary, 
tabuliferous.  ■'nummuline"  layer,  or  "proper  wall"  of  the  teat 
en  both  the  upper  and  tbe  lower  surface  of  each  successive  segment 
of  Barcode,  such  as  is  exhibited  in  Dr.  Dawson's  diagram,  pi.  4, 
p  5S,  «nd  in  the  dratrings  at  p.  ViG.  Traces,  however,  of  such  an 
tnvelopinf,'  primary  layer,  on  the  lower  face  of  the  segments,  lying 

Mil  V]'.  ]ii ]i:i;:  whorl  of  a  discoid  Foruminifer  (as  well  as  on  the 

ij|  ;  ■■  ,  I-.  I  -iiitJice,  and  on  the  front  and  back,  where  it  makes 
Umi  BB^i^!,  IB  •iBilile  in  bod)  Dr.  Carpenter's  &ud  Ur.  Carter's  bori- 
lontftl  section  of  Oferadina  arabiea,  out  a  little  out  of  the  median 
^ane.* 

Dr.  DawBOn  takes  care  to  show  that  EozoSn  is  not  without  its 
Rbiznpodal  allies,  and  even  associates.  He  finds  in  tbe  Laurentian 
hmestones  numerous  isolated  tittle  ixidies  {ATclicr-otpheerhKe),  either 
single,  beaded,  or  heaped  (like  Qlobigr.rina),  which  be  regards  as 
having  been  simple  Foraminifirn  with  tubulated  walls  (figs.  18  and 
34,  pp.  67  and  138),  but  whether  immature  forms  of  Eozoiin,  or 
quite  distinct,  he  does  not  decide.  He  especially  dwells  on  the 
eiistence  of  old  Cambrian  and  Silurian  Rhizopods,  of  large  size, 
such  as  the  Archaocyatbug,  Slromatopora,  Cannopora,  Ccenostiomn, 
and  B€cept<icvliteg.  Of  tbe  last,  Dr.  C.  Gumhel,*  in  1875,  published  , 
full  particulars  as  to  its  Foraminiferal  characters ;  Gustav  Lindstriira ' 
had  already,  in  1870,  referred  Cceno»troma  discoideum  (Lonsdale)  to 
the  Rhizopods;  and  Dr.  Carpenter  in  1867  ("Siluria,"  new  ed. 
p.  o47)  cspreesed  a  decided  opinion  on  tbe  Rhizupodal  structure  of 
Slromatopora  tlriatella.  These  points  are  not  staled,  however,  by  Dr. 
DawBon.  That  other  Pal»ozoic  Foraminifera  occur,  we  well  know, 
H,  B.  Brady's  lately  discovered  Areltadiaeut,  from  the  Carboniferous 
Limestone,  referred  to  in  a  note  at  p.  164,  is  a  NHmmuline  Forami- 
nifer,  of  irregular  growth,  and  to  some  extent  represents  an  inter- 
mediate form  between  Eotoiin  and  i^ummalina.  Indeed  the  last- 
mentioned,  and  its  allies,  Fugulina  and  Ampliiitegina,  have  also  been 
found  in  the  Carboniferous  rocks,  with  many  other  Foraminifera. 
about  to  be  described  by  Mr.  H.  B.  Brady,  F.lt.S.  The  presence, 
therefore,  of  Foraminifera  in  the  older  rocks  is  not  a  matter  of 
surprise,  and  the  relatively  large  size  of  the  individuals  is  no  longer 
to  be  discredited,  since  Parkeri/s  as  large  as  small  cannon-balls  have 

'  Hvdrons  aJuraiao-magnesian  ailitatffl. 

»  I'Kil.  Trans,  1859,  pi.  4,  fig.  5  ;  and  Ann.  Nat.  Hiat.,  tar.  2,  vol.  i.  pi.  4,  fig.  8. 

■  Abhuidl.  E.  haver.  Akad.  Wiss.  Clas.  ii.  vol.  xii. 

'  K.  Vet,  Ak.  Hniidl.,  toI.  ii.  No.  6,  1870. 
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■a  tlicBo  di&rent  subjects  is  also  to  be  found  in  the 
^nipbs  of  the  succeeding  sections  relating  to  the  Parry 
ut  Greenland,  Arctio  America,  and  snob  otber  lands  aa 
0  the  present  time  been  Bcientifi(»lly  explored. 
S  to  the  geological  portioss  of  the  "  Arctic  Manual "  that  we 
raw  particular  attention ;  and  for  that  pnrpose  the  subject 
.  OS  considered  oa  a  ^fh«Ie,  without  taking  the  information 
r'iaA  by  the  various  sections  ia  the  order  givea  in  the  book. 
.  lefbn  doing  so,  we  muiit  recaJI  to  recollection  the  situation  of  the 
3!«vrf  localities  subsequently  referred  to,  to  avoid  misapprehension. 

«dff  tlien,  between  the  290  and  340  meridians  of  longitude,  lies 

vast  and  almost  unexplored  traot  of  land  known  as  Greenland, 

wading  aa  far  sonth  as  €9"  north  latitude.     Of  East  Greenland 

_       iMiatively  little  is  kno^vn  j  but  in  West  Greenland  are  several 

[lUh  settlements,  the  most  important  being  those  at  or  near  the 

■Lutd  of  Disco,  situated  in  about  70°  north  latitude,  which  is  sepa- 

.  -.^ad  by  a  strait,  called  the  Waigat,  from  the  piominent  Nonrsoak 

.aiifaisnU. 

Ihe  arms  of  the  sea  known  as  Davis  Strait,  Baffin's  Bay,  Smith 
j^iqimI,  and  Kennedy  ('hannel,  taken  in  order  from  south  to  north, 
^^Miate  Greenland  from  Kast  Arctic  America,  Boothia,  the  Parry 
ItEstds,  etc  ;  while  opposite  the  northern  part  of  East  Greenland  are 
ted  Spitzbei^eu  and  Franz-Joseph- Land. 

eater  difficulties  lie  in  the  way  of  the  practioal  geologist  in  the 
pitable  regions  near  the  Pole  than  elsewhere,  from  the  rarity 
which  the  surface  is  free  from  snow,  or  good  sections  visible. 
X  some  important  fads  have  nevertheless  been  ascertained,  though 
tkere  is  much  still  to  be  learnt,  both  from  a  detailed  examination  of 
fte  fossil  contents  of  the  rocks,  and  as  to  the  exact  extent  of  the 
jfiflerent  formations  known  to  exist 

Thus  Cretaceous  and  Miocene  fossils  have  been  found  in  Greenland 
and  Disco  and  described ;  Silurian  rocks  are  known  to  exist  in 
Boothia.  Melville  Island,  and  the  neighbourhood ;  lastly,  lai^e  areas 
of  Basalt  occur,  and  granitoid  and  metamorphosed  rocks  are  to  be 
seen  nearly  everywhere. 

The  western  coast  of  BafBn's  Bay  abounds  in  gneiss,  granites, 
■yenite^.  and  siliceous  schists.  The  eastern  coast  from  Cape  Farewell, 
itself  a  granite  island,  to  the  north,  consists  of  gneiss,  alternating 
with  granite  and  syenite.  Mica-slate  and  hornblende-slate  cliarac- 
t^ze  all  the  mountain  land ;  and  Kingiktoisoak,  one  of  the  most 
elevated  points  in  this  eilonsive  area,  is  composed  of  gneiss,  against 
the  lower  part  of  which  lie  beds  of  mica-slate.  This  latter  appears 
generally  to  overlie  the  gneiss,  and  all  the  lower  mountains  seem 
composed  of  it  (Giesecku). 

On  the  other  or  eastern  coast  of  Greenland,  the  underlying  rocks 
are  known  to  be  crystalline  (Micaceous,  etc.),  and  to  be  overlain  by 
Basalts  (Doleritea  and  Annmesites),  and  these  re-occur  in  Spitzbergen 
and  Franz-Joseph-Land.  In  the  latter,  "  its  broad  horizontal  sheets 
and  the  steep  table-mountains,  which  recall  the  Ambas  of  Abyssinia, 
impart  to  the  country  its  peculiar  physiogliomy,"  and  the  tocka  to 
the  aoatb  resembled  true  £asait  (Payer). 
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Thus  underljmg  tbo  entire  area,  and  forming  apparently  the 
mountain  ranges,  as  well  as  ibe  wliole  of  the  interior  of  GrecTiland, 
are,  an  far  as  conjeotnred,  a  series  of  metamoiphoBed  rocfcs,  of  prob- 
ably more  tban  one  geological  date. 

Examining  tbe  rock-apeaimena  more  closely,  the  existence  of 
Laurentian  and  Cambrian  roclca  among  these  is  apparently  indiapnt- 
ftble.  Thna  at  Upernavik,  at  Elwyn  Inlet,  at  Navy-Board  Inlet,  and 
Port  Leopold,  in  tbe  Arctic  American  Archipelago,  syenite  occare 
resembling  the  Laurentian  series  of  Cape  Wrath  ;  whilst  in  South 
Greenland  the  syenite  of  the  Kittisiit  Islands  eeema  also  tn  point  to 
the  presence  of  the  Laurentian  formation.  The  green  felapar  of  the 
neighboarhood  of  Godtbaab,  the  green  compact  felspar  of  Poasession 
Bay  and  Cape  Byam-Martin  on  the  west  side  of  Baffin's  Bay,  also 
indicate  the  presence  of  the  Laurentian  series.  The  Labrador  felspar 
and  graphite  in  the  granite  of  South  Greenland  point  probably  to  the 
same  conclaaion. 

Tbe  Igalliko  qtisrtzite  of  West  Greenlftnd  and  some  of  tbe  qiurtx- 
rocks  of  UperaaTik,  and  of  Elwyn  Inlet,  and  other  plaoes  in  Boothia 
and  tbe  Arctia  American  Arohipelago,  "  may  be  of  ttte  snooeeding 
Cambrian  age."  This  red  oompaot  quartBOse  sandatone  of  ^sUiko 
Fjord,  though  "aometimee  .o&Usd  Old  Bed  Saadatone,"  has  not  yet 
been  determined  with  confidence. 

Some  of  the  altered  looks,  again,  may  prove  to  be  referable  to  the 
JuTSSBics  ;  for,  on  the  west  side  of  Baffin's  Bay,  "  the  jasper,  ailioeooe 
schist,  and  chert  resemble  exactly  those  specimens  which  are  found 
in  tbe  Isle  of  Skye  among  the  beds  of  shale,  sandstone,  and  limestone, 
which  are  known  to  belong  to  this  geological  era."  Unaltered  Juras- 
sics  have  been  identified  in  East  Greenland,  as  brownish  micaceous 
sandstones,  with  "  a  seam  of  bitominous  fissile  coal,  associated  with 
indistinct  and  indeterminable  fragments  of  plants;"  and  further 
reeearch  may  yet  prove  this  series  to  be  represented  among  tbe 
altered  rocks  of  other  parts  of  tbe  region. 

The  Arctic  Archipelago  lying  directly  between  North  America  and 
the  Pole  is  the  only  locality  in  this  region  at  present  known  where 
tbe  Silurian  rocks  undoubtedly  exist.  Thus  Melville  Island,  Beechey 
Island,  and  the  shores  of  Wellington  Strait,  abound  in  fossiliferone 
limestone,  in  which  Encrinites,  FanoiilM  Gollandiea,  and  JlalygiUt, 
and  other  coralline  forms  are  plentiful.  "  We  may  now  then  defi- 
nitely colour  tbe  shores  of  Wellington  Channel  and  Barrow  Strait, 
except  tbe  eastern  entrance  of  tbe  latter  (which  is  occupied  by 
igneous  or  crystalline  rocks),  as  Upper  Silurian"  (Salter).  Boothia 
Felix  also  and  the  neighbouring  localities  have  large  areas  covered 
by  "  dolomite  or  magnesian  limestone  in  almost  horizontal  beds  " 
(Haughton),  and  the  numerous  fossils  these  have  furnished  supply 
ample  proof  of  their  identity,  and  of  the  presence  of  Silurian  rooks. 

Here,  however,  occurs  a  marked  gap  in  the  chain  of  geological  ee- 
quence  ;  of  the  Devonian  rocks  "  no  clear  evidence  has  been  afibrded, 
UioiTgh  we  have  beard  of  red  and  brownish  sandstone,  as  observed  in 
very  many  localities  by  various  explorers,  and  which  possibly  may 
belong  to  that  formation  "  (Muiohiaon).    This  is,  however,  doubtful 
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inie  Editor  snggests  in  a  foot-note  already  quoted  that  tbi>8o  may 
belong  to  the  Cambrian  eerieB.  But  of  the  pi'esence  of  still  later 
groups  we  have  ample  and  sufficient  intelligence. 

Banks  Land,  the  northern  portions  of  Eglinton,  Melville,  and 
Balhnrst  Islands,  and  all  Byam-MHrtin  Island  are  oocupied  by  Cur- 
bonifetons  Sandstone,  Limestone,  Ironstone,  and  Coal.  "  True  Car- 
boniferous Prodaeli  and  Spiri/eri  have  been  brought  home  by  Belcher 
and  otliere  from  Albert  Land,  north  of  Wellinglon  Channel;" 
Uountain  LimeBlone  exists  in  Spilzboigen,  of  which  we  get  the 
liillowuig  detnits  from  NorJenskiiild  : 
L  tjm  Ubsd,  limertoDa,  or  Tsther  dolomite,  non-tOniliferou« ;  taanrMd  b;  bedi  of 

nartadto  tad  flint     TbicluiMi  kbont  fiOO  teat. 
1  Omi»  FaariitTe  itnte,  oratuning  Cotslt.     1000  teat  at  the  inost  in  thicfaian. 
t.  I^jvn  of  hjpsiile. 

t.  tJppcr  pait  M  the  Hoantuo  LiuMtoiM,  eotuiitiiif  of  calcBreooi  midatone,  lime- 
rtone,  STpsnin,  ud  flint,  aboimdiiig  in  fomb,  and  2000  tatt  in  thickneM. 
Between  the  ftrala  ars  eiteuiTB  •Dami  of  hjperite. 
f.  A  Tory  eiteoiDTe  and  regular  Iwd  of  hyperite,  itretching  from  Honot  Edlnnd  to 
the  TbODiand  Iilandi. 

Mr.  Salter  has  described  FnavlitM  hyperborea  (Grinnell  Land), 
StyioMtraa  ineonferta  (Depdt  Point),  Zaphrentit  ovibot  (Prinoeaa 
Koyal  Island),  and  many  others;  and  the  Spitsbergen  limeslone 
abounds  in  characterietic  fossils ;  but  in  Greenland  proper  no  traces 
are  at  present  known  of  true  Carboniferous  formations. 

Juraasic  (Lias)  rocks  and  fossils  were  found  by  McCHntock  at 
Point  Wilkie,  on  the  eastern  coast  of  Prince  Patrick's  Island,  by 
Belcher  at  Exmouth  Island,  and  by  the  German  Expedition  in  East 
Greenland.  To  the  latter  reference  has  already  been  made,  and  the 
eridence  afforded  by  species  of  Modioln,  Avicula,  Nerita,  etc.,  ia 
rafficienl  to  fully  identify  it.  In  Spitzbergen,  "  sbtiles,  limstone,  and 
•andstone,  abounding  in  pyrites,  and  tmversed  by  a  email  seam  of 
hyperite,"  represent  this  formation ;  and  at  Mount  Ardagh  they  give 
a  thickne«B  of  1200  feet.  There  aro  no  other  definite  traces  of  this 
formation,  unless  the  altered  rocks,  oa  before  suggested,  can  be 
referred  to  it. 

The  succession  of  some  younger  rocks  is  less  indefinite.  In  Spitz- 
bergen,  the  Tertiary  (Miocene)  is  represented  by  a  freah-water  forma- 
tion in  Bell  Sound,  loOO  feet  thick,  consiating  of  conglomerates, 
shale,  limestone,  and  sandstone,  almost  devoid  of  animal  tbaails,  but 
containing  coal-seams  and  fine  impressions  of  plants.  The  Cretaceous 
stmta  are  not  described  here ;  but  it  is  possible  that  a  more  detailed 
eiaminaCion  might  lead,  as  in  West  Greenland,  to  a  further  sub- 
division of  these  beds.  A  Tertiary  coal-bearing  sandstone  has  been 
observed  in  Franz- Joseph- Land. 

The  Expeditions  that  have  produced  the  most  satisfactory  results 
in  determining  the  nature  of  the  fauna  and  flora  of  the  Arctic  Creta- 
ceous and  Miocene  strata  are  those  undertaken  by  Whymper  and 
Brown  in  1867,  NordenskiOld  in  1870.  and  Steenstrup  in  1874; 
when  the  Island  of  Disco  and  the  Peninsula  of  Noursoak  were  care- 
fully examined. 

The  general  conolueions  arrived  at  were  these:  I.  That  Lower 
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Cretaceous  beds  oontiuning  numerous  plant  fosBila  (of  which  n copious 
liat  by  Prof.  Oswald  Heer  is  furnished},  and  nsmed  the  "  Kome  For- 
mation," are  found  along  the  northern  faoe  of  the  Noursoak  Peninsula 
at  sii  ilifferent  plaoea.  2.  That  tipper  Cretaceoaa  beds  (with,  as 
Prof.  Heer  suggests,  possihly  Eocene  plants  in  the  top  portion) 
exiBt  on  the  south  ooost  of  the  same  Innd,  und  are  named  the  "  Atane 
Formation."  3.  That  snrmnunling  the  latter  (further  up  the  bill-side 
at  Atanekerdlak)  are  Miocene  be<in. 

Interspersed  with,  and  superimposed  on  these  in  some  places,  are 
extensive  beds  of  trap-rosk,  wliich  form  a  singular  and  distinctive 
feature  of  the  geology  of  the  locality  examined.  "  Sand  and  clay 
beds  "  are  found  lying  between  basaltic  rocks  at  Siunifik  ;  at  other 
places  red  basaltio  olay  lies  between  the  strata ;  and  Prof.  Norden- 
skiold,  therefore,  advanoes  tbe  opinion — that  the  eruptions  which 
gave  rise  to  these  vast  beds  of  basalt  took  place  aft«r  the  commence- 
ment of  the  Cietooeons,  and  ceased  before  the  end  of  the  Tertiary 
period. 

The  Cretaoeons  beds  lying  along  the  north  coast  of  Nourwak 
(Eome,  etc),  have  among  (horn  (at  Karsofc)  a  remarkable  layer  of 
graphite,  which,  though  exliibiting  no  organic  remains,  is  probably, 
like  the  cool  there,  a  meml>cr  of  tho  Upper  series.  The  ooal  and  the 
plant-bearing  shales  aio  intcrstmtified  with  red  and  white  sand- 
Btonea,  rarely  fosailiferona  ;  the  fossils,  which  are  preserved  best 
in  the  lower  strata,  comprise  niimeroiia  Ferns  {Gleirhenias),  a  fine 
Cycad  (Zamites  arelica),  and  numerous  (Jenifers. 

Tho  Atane  formation  is  rich  in  coal-beds,  and  has  been  assigned  to 
the  Upper  Cretaceous  (Heer),  because  of  the  frequent  occurrence  of 
Ferns,  a  Cycad  {Cycadites  Dickitmi),  and  a  Sequoia  ;  while  the  floia 
differs  materially  from  that  of  Kome  in  tho  presence  "  of  pretty  nu- 
merous dicotyledonous  plants,  which  are,  moreover,  quite  unlike 
the  Greenland  Miocene  plants."  The  upper  strata  at  Atanekerdluk 
exhibit,  at  1200  feet  above  the  sea-level,  a  set  of  sandstones,  shales,  and 
bard  ferruginous  clays,  rich  in  Miocene  fossils ;  and  the  existence  of 
tree-stools,  with  the  roots  branching  out  into  the  underlying  clay-bed, 
affords  evidence  that  the  plants  grew  in  the  locality  in  which  they 
aro  now  found.  The  Miocene  formation  evidently  extended  over 
the  Waigat  Strait  to  the  Island  of  Disco,  at  tho  south-east  angle  of 
which  it  attains  its  greatest  thickness.  But  thongh  thin  seams  of 
clay  and  coal  are  found  here  and  there,  coal-beds  worth  working  are 
not  likely  to  be  discovered  in  this  series.  Dr.  Brown  is  of  opinion 
that  no  calcareous  beds  having  yet  been  found  in  these  Miocene 
strata,  they  are  all  of  fresh-water  origin. 

The  evidence  of  Cretaceous  beds  in  the  Island  of  Disco  is  not  yet 
clear,  though  a  specimen  of  Caulopteris  punclala  (Cretaceous  according 
to  Jlr.  Carruthers,  F.R-S.,  and  Prof.  Heer)  would  seem  to  indicate 
that  here,  as  elsewhere,  they  underlie  the  trap-rocks  and  Miocene 
strata.  Over  all  lie  the  vast  layers  of  trap-rock  which  give  a  peculiar 
character  to  the  general  appearance  of  Disco  and  the  Waigat  Strait. 
They  appear  to  extend  right  across  the  country  north  of  69°  north 
latitude,  and  in  some  cases  are  "  not  masses  of  lava,  but  consolidated 
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s  ©r  volcanic  enml,  whicb  in  time,  by  pressure,  bave  osBumed  a 
aUlline  character."    They  reet  directly  u|)ou  the  gneiee,  except  on 

cosLSt  of  OmenakQord,  Noursoak,  and  Disco,  wbere  they  overlie 

tands  and  clays  above  referred  to. 

'  It  is  possible  this  same  formation  may  continue  under  the  eea  to 
Innd,  and  thence,  partly  in  a  more  northerly  direction,  by  Jan 
yen  to  Spitzbergen,  partly  in  a  Houthem  direction  from  Jan  Mayan, 
the  Faroe  Islands,  to  the  Hebrides  and  Iceland,  as  between  the 
senland  and  British  Basalt  fonnationa  there  seems  to  be,  both  in 
i  and  character,  considerable  agreement." 

k>nie  remarkable  facts  have  etill  to  be  referred  to,  viz. :  the 
ttence  of  quantities  of  wood,  capable  of  being  used  for  fuel,  and 
sle-bones  also,  at  high  levels  at  many  places,  in  gullies  and  ravines 
I  on  hill-side^  ;  and  the  enormous  masBPS  of  meteoric  iron  which 
•a  ftI«o  been  ^aoovered.  The  wood  was  believed  by  Sir  Boderiok 
nduBon  to  be  drift-wood,  thongb  the  free  tmnks  from  which  the 
tions  examined  were  uwn  were  many  feet  above  the  sea-level. 
» existeooe  of  whale-bones  at  a  distance  above  the  sea-level  ImB  been 
n  DOtioed.  Their  presence  may  arise  from  two  canses, — either 
waval  of  the  land,  or  being  placed  as  land-marks.  In  Spitzbei^a 

number  of  bones  lying  together,  belonging  apparently  to  the 
le  skeleton,  and  the  "  carcases  and  bones  of  whales  at  80  or  500 
t  elevation,"  would  seem  to  indicate  a  gradual  rising  of  the  land  ; 
.  "  in  some  cases  vertobr»  and  skuUs  of  whales  have  been  set  up 
landmarks,"  and  these  must  not  be  confounded  with  the  remains 
fted  or  lefl  by  retiring  waters.  Tlie  occurrence  of  a  single  skull 
bone,  more  especially  on  high  or  noticeable  land,  should  rather 
assigned  to  the  former  cause  than  the  latter. 

The  meteorites  of  Ovifak,  one  of  which,  now  in  the  Hall  of  the 
yal  Academy  at  Stockholm,  weighed  19  tons,  another  at  Copen- 
;en  9  tons,  and  the  third  in  the  British  Museum  195  lbs.,  were 
xjvered  on  the  beach.  They  were  strongly  magnetic,  and  the 
1  extremely  crystalline  and  brittle  ;  but  here  and  there  "  on  their 
face,  in  the  iron  nearest  the  surface,  pieces  of  basalt  or  fragments 
t  crust  of  basalt "  were  clearly  visible,  and  this  corresponded  with 

material  of  the  neighbouring  rock.     About  15  undoubted  speoi- 
iB  were  in  all  discovered  by  the  Expedition  of  1870. 
a  another  locality,  too,  iron  which  Dr.  Wollaston  determined  to  be 
neteoric  origin  has  been  found.     At  Capo  York,  in  BafBn's  Bay, 

natives,  as  stated  by  Capt  Boss  in  1U19,  had  been  accustomed 
ise  the  metal  for  the  edges  of  their  knives,  separating  it  from 

mass  by  a  hard  stone,  and  then  beating  it  into  small  flat  oval 
:;e8.  "  The  place  where  the  metal  was  found  was  called  Sowal- 
:.  and  was  about  25  miles  inland  (Lat.  76°  12'  N. ;  Long  64°  W.)." 
Jut  there  is  yet  another  discovery  of  considerable  interest  in  con- 
:ion  with  these  regions.  "Greenland  is  the  only  place  in  the 
rid  in  which  the  mineral  Cryolite  (valuable  as  a  material  whence 
minium  con  be  obtained)   has  hitherto  been  found"   (Tayler). 

Evigtok,  on  the  shores  of  West  Greenland,  the  widest  seam 
80  feet  across ;   and  the   matrix  (gneiss)  is  fiiTthei  «aTV<:iti«d 

j>wcAi>m  a, — TOL.  in.  —so,  it.  ^^ 
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1uy  numerous  other  miDoralB  as  well  as  copper-  and  iron-pjrritM,  ^ 
wLile  tin-oro  in  tbiti  seams  la  extremely  plentiful.     The  rigour  of 
tbe  climate  aJid  tbe  difficulty  of  getting  easy  accsBs  to  tLe  countij    . 
are  tlie  only  obBtftcIes  to  utilizing  largely  this  source  of  wealth,  -^ 

Tbe  physical  ohanges  in  the  country  indicate  that  Greenland  is  ^ 
still  undergoing  a  comparatively  rapid  change.     The  eouth-westeni  ,. 
jjart  is  gradually  sinking,  aud  the  northern  portion  rising ;  and  dd 
Aboriginal  Greeulander  (the  weeteru  shores  alone  being  now  oo-    ~ 
cupied)  bnildH  his  house  in  inudefD  times  near  the  water's  edge. 

NumerouB  traces  of  old  dwellings  aro  now  washed  by  thetidft;  '^ 
and,  aa  at  the  Moravian  Colony  oi  Fiukena^,  founded  in  1758,  "in  .. 
30  or  40  years  they  were  obliged  once,  perhaps  twice,  to  tooto  tlia    , 
poles    upon  whioh  they  set  their  large  boate,  called  '  umiak,'  or 
"women's  boats.    The  old  poles  still  remain  as  silent  witnesses,  bat 
beneath  the  water."     (Pingel.)  ^ 

111  Franz -Joseph -Land  the  same  gradual  upheaval  has  been  noticed;    ' 
and  the  rabed  beaches  there,  as  well  oa  the  nhale-bunes  of  Spits- 
bergen, and  those  of  North  Cornwall,  where  (at  Mount  Parker)  a 
akeleloQ  is  stated  to  have  been  found  at  an  elevation  of  uOO  feet,    , 
attest  still  furthet  tbe  great  physical  alteration  that  is  going  on  in 
the  Arctic  Seas.     Mr.  Howorth'e  paper  on  Elevation  of  the  Surface    ' 
ill  the  Arctic  Begions,  reprinted  in  part,  pp.  iSS,  etc.,  gives  ample 
iuformation  on  this  subject. 

It  is  difScuU  to  foresee  the  effect  of  such  a  ohange  of  lereL  If 
the  Franklin  Arohipelaj^o  does  not  share  this  movement,  the  final 
result  may  be  tliat  the  narrow  chaimel  of  Smith's  Soumi  may  be- 
come wider  and  deeper  by  thH  sinking  of  its  East  Coast,  and  thtis 
afford  easier  access  to  that  unknown  area,  to  assist  the  csidi-rera  of 
which  tho  "  Manual  "  we  have  bccii  oxaiujniug  has  been  compiled. 
In  tho  future,  the  now  often  ioe-blocked  channel  may  be  compam- 
tively  open,  and  the  vast  ice-cap  of  Greenland  may  extend  towards 
the  north-east,  where  the  land  would  be  slowly  rising. 

The  final  section  of  the  work,  Physics,  by  Prof.  W.  Q.  Adanu. 
F.R.S.,  is  as  fully  and  exhaustively  dealt  with  as  that  with  which 
Geologists  are  more  nearly  connected ;  hut  the  consideration  of  the 
branches  of  science  with  which  it  deals  belongs  to  a  province  other 
than  oura. 

Not  the  least  valuable  part  of  the  "  Manual"  is  the  Appendix,  con- 
taining a  list  of  the  books  already  published  on  the  question  of  Aio- 
tic  research;  and  lastly  a  most  excellent  Index.  With  a  voluma 
containing  so  much  and  such  varied  information,  the  index  is  of  the 
highest,  importance,  and  tbe  care  that  has  been  bestowed  on  it  en- 
hances the  value  of  the  work  under  reference. 

The  "  Manual,"  though  produced  in  a  limited  time,  and  under 
great  presaure,  is  a  model  of  carefully  compiled  information  up  to  the 
latest  poaaible  date  ;  and  the  Koyal  Society  may  be  congratulated  on 
having  furnished  a  moat  valuable  contribution  to  scientific  knowledge, 
and  also  in  having  entrusted  the  arrangement  of  the  matter  to  such 
able  and  experienced  bauds  as  those  of  the  Editor. 

0.    COOPBB    ElHO. 
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Gbolooical  SociETT  OF  LosDos.— I. — February  2,  1S76.— John 
EranB.  Esq.,  F.R.S.,  President,  in  the  Chair. 

I.  "  Evidence  of  a  Carnivorous  Heptilo  (Cgnodrakon  major,  Ow.) 
kbcmt  the  size  of  a  Lion,  with  remarks  ibereon."  By  Prof.  Owen, 
<XB..  F.R  S  .  F.G.8.,  etc. 

lie  specimens  described  by  the  anthor  conaist  of  t.lie  fore-part  of 
tht  jawa  and  the  left  humerus  of  a  reptile  obtained  from  blocks  of 
TriiMic  (?)  rock  from  South  Africa,  forwarded  by  the  late  Mr,  A.  G. 
B«n,  F.G.S.  The  upper  jaw  displays  a  pair  of  onortnous  canine 
teeth,  macb  resembling  thoee  of  3[ae}iairoSu»,  being  of  a  vary  oira- 
prraMd  form,  with  the  hinder  trooehaut  mni^u  minutely  toothed. 
There  is  uo  deatated  border  to  the  fore-pfirt  of  the  orown.  No  teeth 
nn  be  detected  in  the  alveolar  liorder  of  the  right  ramus  of  the  lower 
j*v,  which  extends  about  an  inch  behind  the  u|>per  canine.  In 
>ke  ^mpbysial  parts  of  the  lower  jaw  the  bases  of  eight  incisors 
ud  of  two  canines  are  visible,  the  latter  rising  immediately  in 
front  "f  tli9  ii[)pfr  on-'i,  to  which  th^y  are  very  inferior  in  siae.  and 
ten;  s'.].-jrit.il  I'V  n  .!ii,sti>iiin  iV.iin  tho  iiipisors.  In  Ibis  character, 
H  in  the  number  of  incisors,  the  fossil  resembles  Didelphga ;  and 
m  ttrocture  both  canines  and  incisors  resemble  those  of  carnivorous 
nammals. 

The  left  huinenia  is  10^  inches  long,  but  is  abraded  at  both 
ertremitiea.  It  presents  characters  in  the  ridges  for  muscular 
■tlachinent,  in  the  provision  for  the  rotation  of  the  fore-arm,  and  in 
tbe  presence  of  a  strong  bony  bridge  for  the  protection  of  the  main 
Htery  and  nerve  of  the  fore'arm  during  the  action  of  tbe  muscles, 
which  resemble  those  occurring  in  carnivorous  mammals,  and  espe- 
cislly  in  the  Felidee,  although  these  peculiarities  are  associated 
with  others  having  no  mammalian  resemblances.  The  author  dis- 
owseB  these  characters  in  detail,  and  indicates  that  there  is  in  the 
probably  Triassic  lacustrine  deposits  of  South  Africa  a  whole  group 
of  genera  (Oaleiaurut,  Cynoehampaa,  Lycotavrut,  Tigrisuchxu,  Cyno- 
ntktit,  Nglhotanmt,  Scaiopotauriu,  J'rocolophon,  Gorgonopi,  and 
Cjnodrakon),  many  of  them  represented  by  more  than  one  species, 
lU  carnivorous,  and  presenting  more  or  less  mammalian  analogies, 
lor  which  he  proposes  to  form  a  distinct  order  under  the  name  of 
Tberiodontia, — baring  the  dentition  of  carnivorous  type  ;  the  incisors 
leGned  by  position,  and  divided  from  the  molars  by  a  large  laniari- 
form  canine  on  each  side  of  both  jaws,  the  lower  canine  crossing 
ID  front  of  the  upper ;  no  ectopterygoids ;  the  humerus  with  an 
en tepi condylar  foramen ;  and  the  digital  formula  of  the  forefoot, 
2,  3,  3,  S  ;  three  phalanges. 

Tbe  author  further  discussed  in  some  detail  the  remarkable  re- 
semblances presented  by  these  early  Beptiles,  in  somo  parts  of  tbeir 
organization,  to  Mammals,  and  referred  to  the  broad  questions 
opened  out  by  their  consideration.  He  inquired  whether  the 
transference  of  structures  from  tho  Beptilian  to  the  Mammalian 
type  has  be«n  a  seeming  one,  due  to  accidental  coinciduaoeia  «^^\«tt 
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ini1e].iendeiitly  oreatei],  or  wlietlier  it  was  real,  conaeqiient.  on  the 
incoming  of  species  by  Beuonilary  law.  In  any  case  the  lost  Kej>- 
tilian  Btruotures  dealt  witli  in  the  prosent  paper  are  now  nianifested 
by  quadrupeds  with  a  higher  condition  of  cerebral,  circulatory, 
respiratory,  and  tegumentary  BysleiuB,  the  acquisition  of  which,  the 
author  thought,  is  not  intelligible   on   either    the    Lamarckian  or 

2.  "  On  the  Oocurrenoe  of  the  Genua  AslroeriniUs.  Austin,  in  Ihs 
Scotch  Carboniferous  Limestone  Series,  with  a  Description  of  » 
New  Species  (J.*  Benniei).  and  EemarlcB  on  tUe  Gienua."  By  H. 
Etheridge,  Esq..  jun.,  P.G.S. 

The  author,  in  his  introduction  to  tbe  paper,  commenced  with  s 
general  history  of  the  genus  ABtroeritiites  of  Austin,  oommentiiig 
upon  the  change  of  nauie  it  had  received  from  the  several  authora 
who  had  written  upon  and  noticed  the  species  A.  tetragontu  of 
Austin. 

In  1843  Major  T,  Austiu  described  this  AberrontEchinoderm  under 
the  name  Aelroerinitei,  assigning  its  geological  Lorieon  to  the 
Carboniferous  Limestone,  and  locality  Yorkshire. 

Dr.  H.  G.  Bronn  rejected  the  name  ABtrocrinilf-a  on  account  of 
its  reBemblanoo  to  Aateroeriniles  of  Munster,  and  proposed  instead 
that  of  Zygaerinut.  Eomer,  from  the  four-rayed  structure  of  our 
Ailroerinites,  allied  it  to  the  Cystoidea  ratber  than  to  the  Blastoidea. 
Prof,  de  Koninck  and  M.  lo  Hon,  however,  referred  Si'i/gocriim*  to 
the  Blastoidea,  and  stated  their  reasons  for  so  doing.  Prof.  Morris 
in  1854  altered  Austin's  Attrocrinites  into  Aitroarintu,  and  doM  not 
notice  Bronn'e  name  Zygocrinm.  Prof.  Fictet  provieionall;  referred 
the  lattor  genua  structui'ally  to  Codonaster,  noticing,  however,  its 
four  instead  of  five  pseudambulaora.  The  author  then  notioe«  at 
some  length  the  species  he  proposes  to  call  A.  Betmiei,  which  appears 
to  differ  much  from  Austin's  A.  telragonut.  The  body  or  oalyi  of 
A.  Benniei  is  tetroradiate,  having  four  convex  lobes,  three  of  which 
are  alike,  the  fourth  differing  considerably  from  the  others,  the  deep 
re-entering  angles  between  the  lobes  are  occupied  by  the  pseudam- 
bulacra,  the  dorsal  surface  is  densely  covered  with  closely  set  tuber- 
cles, but  shows  no  point  of  attachment,  the  ventral  surface  is  flat- 
tened, having  a  large  central  aperture,  from  which  radiate  tlie  four 
pseudambulaora ;  excentric  as  compared  with  the  ambulBCrat  system 
is  a  second  and  pyriform  aperture  of  complex  structure.  The  com- 
ponent parts  are  then  minutely  described,  followed  by  oareful  de- 
scriptions of  t^e  pseudambulaora,  apertures,  and  ornamentation,  also 
a  discussion  as  to  the  presence  of  a  madreporiform  tubercle,  llie 
second  part  of  the  paper  treats  upon  the  affinities  of  A.  Benniei, 
Ether.,  with  A.  telragonui,  Austin.  Part  the  third  enters  fully 
and  critically  into  the  systematic  position  of  AttroeriniUt  amongst 
the  Cystoidea  and  Blastoidea.  In  the  concluding  and  fourth  por- 
tion of  the  paper,  the  localities  and  geological  horizons  are  given. 
Twenty-seven  figures,    oocupying    three    plates,    aooorapanied   the 

S.  "On  the  Genus  Jfer|fcocA<erut  (Family  Oreodontidn),  willide- 
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Rriptions  of  two  new  Bpeciea."     By  G.  T.  Bettnny,  Esq.,  B.A.,  B.Sc. 
G)inmunicat«*l  by  Prof.  T.  McKenoy  HugLes,  F.G.S. 

An  aocoiint  was  given  of  remarkable  vertebrate  Tertiary  skuUs  and 
otber  retnams  brought  from  Upper  Oregon  by  Lord  Walsingbani  in 
IST2,  and  presented  by  him  to  the  Woodwnrdiau  Museum,  Cam- 
Mdge.  The  characters  of  the  family  of  Ungnlalea  (Oreodontidia). 
to  which  they  belong,  and  of  tlie  genem  of  the  family,  were  referred 
to.  and  supplemented  from  examination  of  these  remains.  The  genus 
Mtn/<oehatu»,  previously  known  only  from  teeth  and  portions  of 
jciTH,  was  farther  defined  and  described  from  large  skulls  and  portions 
of  skulls.  The  remarkable  size  of  the  temporal  fosssc,  the  form  of 
iha  zygoma,  and  especially  its  great  posterior  transverse  crest,  are 
qwcial  jxiinta  of  interest.  Fin;illy  two  new  species,  M.  lemporalii 
(ltd  Jf.  Leidj/i,  were  defined  and  described. 

n. — AwTAL  OiarKRAi.  MxRTiHs. — ^Febraary  18th,  1876. — John 
STsaa,  Esq.,  F.R,8.,  FresideiLt,  in  the  Chair. 

ne  Seoetaiy  raad  tb«  Baport*  of  the  Council  utd  of  the  Eibiaiy  and  UnMnm 
Ci—iittea  for  the  tmt  18T£.  The  ponlioa  of  the  Society  vu  dswnibed  u  rery 
^oAtAtaj,  althoiwh,  owing  (o  Tlrioiu  extraardinirj  eipeues,  the  eipenditore  of 
k  jMr  «u  coiuiiierabl^  in  eicen  of  its  incoms.  The  Societr  was  stated  to  be  in  a 
pmpennis  state,  and  the  increase  in  the  number  of  FellawH  tn  be  greater  than  in  but 
pKTioiu  Tear.  The  Report  also  referred  to  the  bequejit  bj  the  late  Bir  Ctuirles  Lfell 
of  the  die  of  a  medal  and  of  the  som  of  £2000,  a  broaze  copj'  of  the  furmec  and 
die  interest  of  the  latter  to  be  giTen  aanaallj'  or  froia  time  to  time  by  the  Council  aa 
I  stark  of  honorary  distinction  to  Home  pemon  or  persons  vho  sh.iU  be  regarded  aa 
biing  aided  the  progress  of  Geological  Science.  It  was  abio  annaunced  that  Dr. 
BigibT,  F.R.S.,  F.G.S. ,  has  offered  to  found  a  bronze  medal  to  l>e  giTen  ui  alternate 
]can  as  aa  incentiie  to  the  atudj  of  Geology. 

In  presenting  the  Wollaston  Gold  Medal  to  Proff^ssor  Huxley, 
F.R.S.,  F.G.S.,  the  President  addressed  him  as  follows  :  — 

Professor  Hmley.^lt  is  a  source  of  groat  satisfaction  to  me  tliat  it 
diould  fall  to  my  lot  to  place  in  your  hands  tho  "WoUaston  Medal, 
vhich  has  been  awarded  to  you  by  the  Council  of  this  Soeioty  in  re- 
rognition  of  your  distinguished  services  to  geological  science. 

Thoee  services  have  been  so  great  and  arc  so  universally  acknowledged 
that  it  aeems  hardly  necessary  to  dilate  upon  them.  For  a  period  of 
upwards  of  five-and- twenty  years  you  have  been  engaged  in  biological 
researches,  which  have  resulted  in  throwing  a  flood  of  light  upon  tho 
Arnctare,  affinities,  and  development  of  organisms  <A  every  class, 
fpora  those  so  simple  as  to  occupy  the  border  territory  between  the 
animal  and  vegetable  kingdoms  up  to  the  highest  forma  of  mam- 
malian life. 

Such  researches  cannot  but  have  had  a  great  and  beneficial  influenco 
on  geological  thought.  But  your  services  io  geology  and  to  this 
Society  are  of  a  far  higher  and  more  direct  character.  Not  only  have 
you  furnished  to  our  '  Proceeding '  numerous  and  valuable  palteonto- 
logical  essays,  but  on  three  occasions,  either  as  a  President  or  as 
representing  the  President  of  this  Society,  you  have  delivered  anni- 
versary addresses  which  are  models  of  the  philosophical  exposition  of 
great  geological  principles,  such  as  I  sincerely  wish  it  had  been  in  my 
power  this  afternoon  to  imitate. 
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In  addition  to  these  aemeoB  to  the  Society,  you  lutTe  it  may  aafeli 
^>e  affirmed,  done  more  by  your  lectures  than  almost  any  other  man  tl 
ftdvaiiM  palKont«logical  studios  among  those  who  are  undergoing  i 
ooursu  of  scientific  training,  whiio  to  more  popular  audiences  vm 
have,  by  your  vivid  aoid  lucid  description  a,  rendered  intelligible  thaw 
marvellous  natural  processes  by  which  such  beds  as  our  Limestones 
<;oal,  and  Challt  have  grttduidly  been  built  up,  ' 

As  one  of  our  former  Socretarie*,  I  know  the  deep  intfnjst  yoi 
take  in  all  gieolopical  pursuits,  and  I  therefore  venture  to  express  t 
hope,  in  which  all  in  this  room  will  sharo,  that  the  day  may  not  long 
te  distant  when,  vrith  renewed  health  and  strength,  wid  a  gn'at«i 
aniotmt  of  iMsare  at  your  command,  you  may  again  bo  able  to  take  » 
fiiiquent  part  in  the  meetings  of  ttia  Society,  of  whose  appreciation 
of  youi  labouts  this  medal  is  the  fymbol. 

Professor  Huxley,  in  reply,  said :— Mr.  Preadent, — I  am  so  much 
more  accustomed  t«  the  language  of  criticism  than  to  that  of  panegyric, 
that  I  feel  n  certain  difficulty  in  framing  a  reply  appropriate  ^  the 
address  with  which  you  have  just  honoured  me. 

To  be  enrolled  among  the  eminent  men  who  have  been  recipients  gf 
thp  Wollaston  Medal  is  a  distinction  of  which  the  most  ambitioiia 
aspirant  to  aricntiflc  honours  may  be  i)roud.  The  terms  of  persoual 
kindness  in  which  you  have  clothed  the  award  of  the  Council,  and  tiis 
warmtli  of  my  reception  by  Ihe  meeting,  lead  mo  to  hope  that  I  may. 
in  adilition,  regard  the  distinction  which  lia^  been  coufeiTed  upon  me 
us  a  mark  of  iho  goodwill  of  the  cuU.'jpu's  with  whom  in  past  years 
I  have  becD  bo  dowily  asBociated- 

It  is  my  hope  and  expectation,  Mr.  Presidait,  that  the  wibIi  which 
you  have  so  kindly  expressed  us  to  the  resumption  of  my  palieonto- 
logical  work,  will  be  fulfilled. 

The  great  biological  question  of  the  day  is  the  problem  of  evolu- 
tion ;  hut  geologists,  as  Kant  says,  ore  the  archteologiats  of  nature, 
and  the  sole  direct  and  ixrefragable  evidence  of  the  method  vherebr 
living  things  have  become  what  they  are,  is  to  be  sought  among  foeeU 
remnina.  If  I  have  in  any  degree  merited  the  unexpected  honour 
you  have  conferred  upon  me,  it  is  because  I  have  Bt«adily  kept  this 
truth  in  view ;  and  if  I  dmll  ever  succeed  in  deaerving  the  Wollaston 
Mciiol  better  than  at  present,  it  will  be  by  furtlier  attempts  to  trans- 
late the  archeeological  facts  of  nature  into  hist«iy. 

The  President  then  presented  the  balance  of  the  proceeds  of  the 
WiiUaaton  Donation  Fund  to  Mr.  J.  Gwyn  Jeffreys,  for  transmission 
to  Professor  Giuseppe  Scgnenza,  of  Meeaina,  F.O.G.8.,  and  addressed 
him  in  the  following  terms: — 

Mr.  Gwyn  Jeflfreys. — in  placing  in  your  hands  the  balance  of  the 
proceeds  of  the  Wollaston  Fund  tor  transmiseion  to  our  Foreign  Cor- 
rcHpondent,  Professor  Seguenza,  of  Meeaina,  may  I  request  yon  to 
convey  to  him  at  the  same  time  our  high  sense  of  the  value  of  bis 
investigations  upon  the  Tertiary  beds  of  Italy  and  Sicily,  on  which  he 
has  already  published  such  numerous  and  important  memoirs. 

Will  you,  in  addition,  express  a  hope  that  this  mark  of  our  appre- 
ciation may  also  prove  of  some  assiatance  to  him  in  the  further 
prosecution  of  his  researches. 
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Mr,  Gwyn  Jeffreys,  in  eipressing  tho  thanks  o!  his  friend  Prof. 
Sepiciun,  said  that  this  teetimonial  irould  not  only  be  highly  valued, 
bnt  be  especially  aocqitable,  bfcaose  the  stipeud  of  an  Italian  Prof r»sor 
^B  too  email  to  enable  him  to  prosecute  his  palEeontologicol  researches 
■ffnDy  tts  be  could  desire. 

The  President  next  handed  tho  Murchison  Hedal  to  Professor 
Bmsay  for  tnmsmissioii  to  Hr.  A.  R.  C.  Sdwyn,  F.E.S,,  F.G.8.,  and 
ipikr  04  follows : — 

ftufeasor  Hamsay, — I  place  in  yonr  hands  the  Murchison  Medal  and 
the  portion  of  tho  Murchison  Fond  which  have  been  awarded  tn  Mr. 
Alfi^  R-  C.  Selwyn,  F.R.S.,  in  reeognition  of  his  services  to  Silurian 
p»li<|rf  ;  for  no  one  can  appreciate  better  than  yourst^lf  the  tharattcr 
and  importance  of  hia  work,  or  can  better  convey  to  him  the  assurance 
«f  the  high  estimation  in  which  it  is  held. 

As  one  of  the  officem  of  the  Geological  Survey  of  this  conntrv, 
•BS-iHi-J   in  unravfllfu?  the  tntrioiti'  Lower  Sitnrinn  E-icks  of  North 

if  the  Geological  Surrey  of  Victoria,  mapping  it«  Biluriau  atratA,  ita 
pild-beariB);  rocks  and  amifmnu  gnvels  of  different  ages,  and  tracing 
fte  relatiaBfl  of  tiie  latter  to  the  Kiocene  beds  of  the  colony  and  to 
fte  older  rocks ;  as  embBequently  the  snooeBsor  of  Sir  William  Logan 
in  the  direction  of  the  Geological  Survey  in  our  North- American  ter- 
ritories from  the  Atlantic  to  the  Paci£c  Ocean,  the  labours  of  Mr. 
Selwyn  have  extended  over  an  enormous  field. 

Qow  SQCCesefolly  he  has  worked  in  it,  the  numerous  and  excellent 
maps  and  sections  executed  under  his  superintendence,  and  his  various 
reports  and  papers  fully  testify. 

There  is  something  peculiarly  appropriate  in  the  Medal  founded  by 
Sir  Roderick  Murchison  being  given  to  one  whose  labours,  like  his  own, 
hare  lain  so  much  among  Silurian  and  Paleozoic  rocks,  among  gold- 
ields,  and  in  the  direction  of  geological  surveys.  While  it  marks  our 
ippreciation  of  Mr.  Selwyn's  services  to  Geology,  it  will,  I  trust,  not 
^  the  less  welcome  to  him  as  a  proof  that,  though  absent,  he  is  not 
forgotten  by  his  fellow- workers. 

Professor  Eamsay,  in  reply,  spoke  as  follows : — 

Mr,  President, — On  behalf  of  Mr.  Selwyn.  I  return  thanks  for  the 
hunour  that  has  been  conferred  on  him.  When  Mr.  Selwyn  joined 
the  Geological  Survey  of  Great  Britain  many  years  ago,  I  may  almost 
«y  that  he  received  his  first  lessons  in  the  art  of  Geological  Survey- 
mg  from  me ;  but  he  very  soou  proved  himself  so  proficient  in  the 
work,  that  a  targe  part  of  the  survey  of  tho  intricate  Lower  Silurian 
rocks  of  North  W^es  was  executed  by  him  in  a  masterly  manner. 

When  the  Geological  Survey  of  the  Colony  of  Victoria  was  cata- 
dljshed  by  the  Colonial  Govemment,  Mr.  Selwyn  was  selected  to  begin 
and  conduct  that  work ;  and  there  also,  with  the  help  of  Mr.  Dainti  ce, 
the  Browns,  and  others,  it  was  his  lot  again  to  be  engaged  on  a  great 
scale  in  unravelling  t|^e  intricacies  of  Silurian  geology.  After  that 
Survey  was  abolished,  no  one  was  considered  so  fit  as  he  to  succeed 
ihe  late  Sir  Wm.  Logan  as  Director  of  the  Geological  Survey  of  our 
Xorth- American  dominions ;  and  there  is  therefore  an  appropriateness 
in  the  award  of  the  Murchison  Modal  to  one  who  has  done  so  much 
excellent  work  among  Silurian  rocks  in  three  regions  ot  &Q  VQi\^. 


f  t»  Jti,  Croll  the  balance  of 

b  rf  a*  XvtUM  Fvrf.  mA  at  tW  sskm  time  expre^  the 

^tfi  irf  Ifca  r  ■■  1  rf  Ak  S^^Nj-  tk«  it  bbt  prore  nE  ««rvico  to 

*■ "     ^    "*  "  '"         "    ""  « witfc  wWl)  hii  nanut  has  been 
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grftfatWafcroai  Wth«  kA  to  regard  the  8ubj«rt«  of 
~  ~    t  ifl  ■■«  4A>ltfy  aetlled,  and  icqaiiiiig  no 
■i  it  »  m  tke  kap*  tkat  his  inquiries  into  the 
i,  Mid  iiA*  th»  fhyiical  cnuM  condncing  to 
[  c&mAs,  ■17'  W  still  further  proieented,  h 
■  «r«lMnlHftb  ^  UtMtn  of  Mr.  CroU,  that 
i  wUck  1  fhmt  m  yw^  ^"S*  ^"^  ^"^  Bvaided  to  him- 


"t   riiiil  n     Yi  iiliiMtliii'i 
•a  M<nl  TV  (siftf^    <«  ihe  Mean  o<  ■ 


.'t'ri'iwats  ik>  A>ai-f  oi  his  li^v^  ihviv  Mn  ret  be  no  doubt  that  the 
ibiliCT  Thkh  h^  hxj^  dispbnd  «o«BkiBd»  the  nniversal  respect  of  men 
•.tt  wicitcif  sBii  ik;  *ihierv»(e  oj  sot  a  kv. 

Thie  Prv6>i<^t  ibm  kukfc<i  to  ProA'S«ir  Uorris.  F.O.S.,  the  fir^ 
LvvU  Miniil  dtki  th«  eatire  prwM^  <rf  the  Fond,  and  addressed  him 
in  'h«  6.>Ui»wiBjc  Ihim!  : — 

Prkt&isKir  Miinis. — This  h^  k  to«  kaov.  the  first  oecssion  on  which 
Tho  ivsnl  .v'  the  Mi^liI  a»i  the  prweed^  of  the  Fund  so  liberally 
Vv-iiTithi^d  ti»  (he  SoKie*T  bx  o«r  ilhMtrioa$  Fellow  Sir  Charies  Ljell 
CLLs  b««fl  umiet  tb^  «v<tt$identk<«  oi  tbe  Cooncil.  It  has,  I  mar 
Tentore  to  $aT.  Imn  aaaxiniM^  feh.  that  it  was  imposdble  to  find 
a  DK«i*  wtathr  rm|iMttt  than  Tooiwjf :  and  that,  in  awarding  both 
th.'  Xedal  and  tbf  anubbti^  pwwb  of  the  Fund  to  one  whose  name 
was  90  intimatelv  rvmMirtvd  with  tbe  pn^Rss  of  Geolc^cal  science, 
we  w^re  be»<  canrinf  oat  tbe  inieBlioife!  <^  the  fonnder,  and  attaching 
an  impoitanKv  to  the  Medal  whi<h  woold  ihow  that,  though  foanded 
later,  it  takes  e^iud  nnh  with  the  other  medals  «t  the  disposal  of  the 
ConndL 

Ton  have  been  a  Fellow  of  thi$  Sonetr  fw  npwwds  of  thirty  yean, 
bat  the  poblished  resnha  of  yoor  geological  inrestigaticaLS  extend  over 
a  period  of  more  than  ftatr,  Toar  ■  Catalofoe  of  British  Fosaib '  has 
long  taken  rank  as  a  rtandard  wofk.  while  toot  conunnnicatiMis  to 
this  Society,  both  oa  Geol<^ical  and  PaliKoitoli^cal  subjects,  have 
been  of  high  Talne  and  importance.  Your  lertnres  hare  done  much 
to  fptead  a  taste   for  Geology,  and  to  eolai^  the  nomber  of  ita 
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rtndenta  ;  and  those  vho  liavG  heard  you  take  part  in  our  disciis<iiQiis 
niut  have  been  alike  astonishud  at  the  minutcncsB  of  j-our  knowledge 
*f  every  branch  of  Geology  and  Pulffiontology,  luid  at  the  powers  of 
■nemory  by  wtiich  you  were  enabled  to  apply  it. 

1  have  mnch  pleasure  in  handing  tho  Lycll  Medal  to  one  who.  like 
its  founder,  has  rendered  such  long  and  meritorious  Bcrvices  to  our 
«dc]ic«,  and  am  glad  that  under  tho  wise  and  liberal  provieions  of  the 
bequest,  thie  token  of  oijr  appreciation  is  accompanied  by  a  gum  whith 
may  prore  of  osaiatonce  in  enabling  you  to  carry  still  further  your 
TBloable  observations  and  researches. 

Professor  Morris  replied  as  follows : — 3Ir.  President. — In  receiving 
«t  your  hands  tlio  first  award  of  the  medal  fuuuded  by  Sir  C'hajlus 
Lyell,  I  cannot  but  deeply  feel  the  distingmBhed  honoor  which  the 
Council  of  the  Qeological  Society  have  this  day  conferred  upon  me. 
It  £■  onnecewary  to  advert  at  this  meeting  to  the  works  of  an  author 
whoee  labonn  in  the  field  he  earnestly  cnltlvated  have  so  greatly 
enlarged  the  bouAds  of  geological  knowledge  and  influenced  the  tone 
of  geological  thought.  I  may  say,  Sir,  that  it  was  chiefly  by  reading 
the  first  edition  of  Mr  Charles  Lyell's  "Principles  of  Geology,", and 
his  review  in  1B27  of  Ponlett  Scrope,  that  I  was  led  to  perceive  their 
philosophical  bearings,  and  was  stimulated  to  continue  geological  re- 
search, for  although  tho  "Theory  of  the  Earth"  had  been  illuslratcd 
and  supported  by  the  eloquence  of  a  Playfair,  it  was  the  indefatigable 
activity  of  Lycll,  and  his  constant  accumulation  and  assimilation  uf 
new  facta  that  led  to  tho  fccneml  acceptance  of  the  principles  advocated 
by  Hutton.  Hence,  whilst  I  cannot  but  feel  strongly  impressed  by 
the  kind  appreciation  of  the  Council  in  this  award  as  a  recognition  of 
my  sincere  but  imperfect  attempts  to  assist  ihe  progress  of  geological 
science,  the  gratification  I  experience  at  this  unexpected  honour  is 
greatlv  enhanced  by  tho  consequent  association  of  my  name  with  that 
of  LyoU. 

The  President  then  proceeded  to  read  his  Anniversary  Address, 
in  which,  after  congratulating  tho  Fellows  on  tho  continued  pros- 
perity of  the  Society,  he  took  occasion  to  indicate  what  seemed  to 
him  the  principal  directions  which  the  geological  research  of  the 
future  would  have  to  take.  Eeferriug  to  the  facts  as  to  the  present 
constitution  of  the  sun  revealed  by  speetrum-analysia,  and  their 
bearing  upon  our  conception  of  tho  early  condition  of  the  earth,  and 
hence  of  its  present  state  aa  regards  internal  fluidity  and  thickness 
of  crust,  he  indicated  as  a  probable  inference  from  these  considcm- 
tions  that  there  must  have  been  changes  in  the  position  of  the  earth's 
aiis.  He  referred  also  to  the  discoveries  made  by  tho  naturalists  of 
the  "  Challenger "  Expedition,  with  regard  to  the  distribution  of 
Olohigerina-ooze  and  greenaand  and  red  clay  deposits  at  various 
depths,  and  indicated  the  important  bearing  of  these  observations, 
and  the  inferences  founded  upon  them  as  to  many  questions  relating 
to  the  origin  of  roeka.  With  regard  to  tho  climate  of  the  Arctic 
regions  in  paat  times,  aa  recorded  in  the  fossils  found  there,  he  ex- 
pressed the  opinion  that  none  of  the  geological  hypotheses  hitherto 
proposed  sufBced  to  account  for  these  phenomena.  After  noticing 
some  other  pointe,  the  President  criticized  the  scheme  suggeated  by 
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"  glaciers  nre  able  to  Bcoop  out  vaat  depreised  areas  of  enormoue 
depth  in  their  beds."  For  my  own  piirt,  I  can  honestly  assure  those 
gentlenien,  that  1  never  for  one  moment  dreamt  of  making  any  stioh 
wiU  attempt ;  nor  did  I  ever  lose  sight  of  the  fact,  that  in  this 
indictment  of  the  glaciers  for  lake-making,  the  task  of  substantiating 
the  charge  against  them  rests  with  those  who  have  advanced  it,  Tlie 
ve^dict  for  which  I  contended,  and  with  which  I  sball  be  perfectly 
satisfied,  is  one  of  "  not  proven." 

The  manner  in  which  Prof.  Ramsay  and  Mr.  Geifcie  endeavour  to 
obtain  a  conviction  ^^itist  the  glaciers  is  as  follows.  They  ui^e 
that  there  are  certain  rock-bound  basins  of  which  the  formation  can 
be  ascril>ed  neither  to  marine  nor  to  river  action,  and  with  r^ard  to 
which  there  is  a  total  want  of  evidence  by  which  their  origin  can  bo 
referred  either  to  special  subsidence,  to  synclinal  folding,  or  to  faalt- 
ing  of  the  rocks  among  which  they  lie.  This  premised,  they  pro- 
ceed to  triumphantly  announce  their  conclusion; — "But  one  agent 
is  kn,  and  that  is  ice  1" 

Now,  it  IB  clear  that  the  whole  force  of  this  reasoning  depends  on 
the  completeness  with  which  the  authors  of  it  have  cited  and  dis' 
posed  of  the  competence,  not  only  of  every  possible  agency,  but  alio 
of  eeery  pottihlf  cowbination  of  ageitcifs,  by  which  the  lakes  in  ques- 
tion could  hiivo  licen  formed,  except  that  of  ice- excavation.  It  is  just 
at  this  point  that  I  venture  to  join  issue  with  them. 

Just  aa  in  the  well-known  fable,  the  article  was  most  undoubtedly 
stolen,  though  one  of  the  culprits  was  able  to  declare  that  he  "  did 
not  take  it,"  and  the  other  that  be  "  bad  not  got  it,"  so  there  ore 
lake-basins  with  regai'd  to  which  it  may  be  very  safely  asserted 
that  meteoric  action  could  not  have  excavated  them,  nor  could 
subterranean  forces  have  moulded  them  ;  but  concerning  which  it  is, 
nevertheless,  also  true  that  the  two  agents,  acting  in  eonjunctiott,  are 
able  to  give  a  perfectly  good  account. 

Prof  Eamsay  holds  that  my  line  of  argument  may  be  "  easily  dis- 
posed of,"  and  Mr.  Geikie  that  it  has  been  "  answered  already." 
They  wilt  forgive  me  for  reminding  them  that  the  only  reply  that 
has  ever  been  vouchsafed  to  it  altogether  and  most  signally  failed  te 
convince  Uie  candid  and  truth-loving  mind  of  the  late  6ir  Charles 
Lyell,  as  every  reader  of  "The  Antiquity  of  Man," and  the  "Student's 
Elements  of  Geology,"  miwt  bo  well  aware.  Dr.  Hector,  too,  in 
replying  to  Captain  Hutlon  (who  reproduced  this  "  answer"  of 
Prof,  Itamaay),  follows  precisely  the  same  line  of  argument  as  Lyell — 
an  argument  of  which  the  validity  and  force  are  admitted  by  almost 
every  Alpine  geologist  What  a  happy  thought  then  must  that 
have  been  to  the  author  of  "  The  Great  Ice  Age,"  when  it  occurred 
to  him  to  carefully  avoid  all  mention  of  Lyeil's  objections  to  the 
theory  ;—  such  a  discreet,  and  withal  convenient,  way  of  dealing  with 
the  question  1 

Far  be  it  from  me  to  rely  in  this  matter  on  any  authority,  liow- 
ever  eminent,  or  to  cite  the  opinions  of  a  majority,  however  over- 
whelming. But  when  we  are  gravely  assured  that  this  notion  of 
the  erosion  of  lake-basins  by  ice  "  bids  fair  to  become  one  of  the 
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TDOBt  generally  accepted  theories  in  geology,"  is  it  jMWsible  to  avoid 
3  smile  at  the  very  sanguine  temperaments  with  which  the  promoters 
of  this  theory  would  appear  to  be  bo  iiappily  endowed  ? 

I  have,  however,  to  thank  Prof.  Green  for  ao  fairly  raising  what 
is  Ibe  real  point  at  issue  in  this  controversy — that  of  the  relation 
between  the  efTecta  of  subteii'anean  and  gubaerial  forces.  He  telle 
ns  that  be  and  his  friends  are  prepared  to  admit  that  he/ore  denuding 
■gents  can  carve  out  hill  and  valley,  the  subterranean  forces  must 
tove  browght  the  rock-masses  within  their  reach ;  lie  ia  moreover 
convinced  that  the  origitial  lines  of  drainage  mnst  have  been  deter- 
mined by  the  action  of  the  same  forces ;  and,  stil!  further,  that, 
thongli  the  details  of  the  contours  of  mountains  are  due  to  niet«oric 
agencies,  their  superior  elevation  ia  the  result  of  the  conooutration 
of  subterranean  energy  beneath  tliem. 

So  far  well  I  But  will  ray  friend  permit  me  to  invite  him  (o 
MOompMiiy  me  jost  one  step  &itht]r  iu  liie  Baniu  direotion.  Is 
it  not  certain  that  imI  only  before  the  commeneemmt  of  the  slow 
proeera  of  sonlptnring  by  meteoric  agencies  (in  whioh  we  are  both 
HHJi  firm  believers),  bat  actually  vikile  those  foreei  are  in  operation, 
sabteTTanean  actions,  attended  by  more  or  less  local  surface  mcve- 
menta,  were  going  on  aide  by  side  with,  and  modifying  the  effects  of. 
the  snbaerial  forces  ?  Does  he  shrink  from  this  admission  ?  If 
BO,  why  ?  Has  he  any  grounds  for  the  belief  that  all  the  sub- 
terranean action  took  place  at  one  period,  and  all  the  subaerial  at 
mother?  Such  an  admission  aa  I  ask  him  to  make  would  never 
have  alarmed  either  Lyell  or  Scrope,  who  fought  a  good  fight  for  the 
Huttonian  doctrines  before  almost  any  of  us  the  younger  champions 
of  the  theory  were  bomi  Is  there  anything  in  it  inconsistent  with 
the  teachings  of  Hutton  and  Flayfair  theniselves  ? 

Have  not  our  perceptions  become  just  a  little  numbed  through  our 
dwelling  too  long  in  the  region  of  glaciers  ?  Geology  has  had  its  day 
of  universal  deluges  ;  it  is  now  passing  through  its  "  great  ice  age." 
We  are  persuaded,  however,  that  as  it  has  survived  the  former,  it 
will  emerge  safely  from  the  latter ;  and  even  now  we  begin  to  see 
the  signs  of  the  setting  in  of  more  temperate  mental  conditions.  I 
cannot  help  venturing  to  hope  {for  may  not  I  too  be  sanguine,  for 
once?)  that  at  no  very  distant  date  I  may  have  the  pleasure  of 
wandering  with  my  four  opponents  of  t«-day  among  Alpine  or 
Scottish  lakes,  all  joining  in  a  hearty  laugh  at  the  strange  theory 
that  was  once  maintained  concerning  their  origin, 

John  W.  Judd. 
glacial  erosion. 

SiB- — In  Mr,  Judd's  very  interesting  paper  on  Lake  Balaton, 
there  is,  besides  a  vindication  of  the  claims  of  subterranean  forces  to 
be  the  true  originators  of  lakes  lying  in  rock-basins,  an  attempt  to 
show  that  glacial  erosion  can  never  be  regarded  as  a  vera  cauta  in 
any  case  in  the  formation  of  lakes. 

I  am  afraid  that  the  eminent  geologists  who  write  on  behalf  of 
gladal  erosion,  as  one  of  the  causes  producing  lakes,  in  th&  CM.TiQn!L 
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uamber  of  the  Gkoi.  Mag.,  will  not  encceeci  in  converting  Mr.  Judd 
to  their  views,  as  they  have  omitted  to  notic*  one  point,  if  not  (At 
point,  whicii  prevents  liim  from  giving  any  recognition  to  that  agency. 

On  p.  15  he  Rtatoa  that  only  by  those  who  ignore  altogether  the 
action  of  Bubt«rranean  forceB  "  the  necessity  is  felt  of  ns^nming  that 
rivtn  of  tee  posaeeii  a  power,  wliioh  ia  on  all  hands  ndmittod  doMiint 
belong  to  rivers  of  water  (the  italica  are  Mr.  Judd'a) — that  of  exca- 
vating great  basin-shaped  depreasions  in  their  course."  But,  surely, 
rivers  of  water  do  often  scoop  out  basin-shaped  depressions.  As  a 
good  example  may  be  mentioDed  the  Atbara,  so  well  described  by 
Sir  Samuel  Baker  in  '-The  Nile  Tributaries  of  Abyssinia,"  which, 
except  ia  the  rainy  season,  is  simply  a  dry  bed,  with  here  and  there, 
in  its  course,  pools  of  considerable  size  abounding  in  fish,  crocodiles, 
and  hippopiitanii.  So  that  wo  have  only  to  suppose  a  river  of  ioe 
endowed  with  aimilar  excavating  power,  and  its  capability  of  pro- 
dacing  lakes  in  its  course,  and  the  probability  that  it  will  do  so,  are 
evident.  T.  V.  Holmbs, 

WioTiHi,  CvHBBttl.AND,  H.M.  Geol.  Survey  Eiig.  nnd  WhIbi. 

jeareA  lUlA,  ISJS. 


NOTB  OIT  AN  AKNELID  SXD  IK  THE  OAULT  OP  KEITT. 

SiK, — I  have  been  mocli  interested  in  readii^  the  note  oa  tba 

above  subject  by  Prof.  Unpert  Jones  in  the  Uarck  Nnmber  of  the 

GeolooicaIj  Magazd^b.     I  take  this  c^portunity  of  stating  that  I  am 

well  acquainted  with  the  narrow  hard  baud  he  mentions,  aa  occurring 
in  the  Lower  Gault  of  Folkestone,  which  is  probably  similar,  if  not 
identical,  with  that  found  at  Westwell  Leacon,  near  Charing. 

Although  I  did  not  actually  note  the  occurrence  of  this  hard  liand 
as  bored  by  Annelids,  still,  if  my  paper  on  the  Gault  of  Folkestone 
(Quart  Joum.  Qeol.  Soc.,  18*4,  vol.  xxx.  p.  347)  be  referred  to,  it 
will  there  be  seen  that  in  deacribing  Bed  III.  I  have  mentioned  the 
occurrence  of  tabular  masses  of  ironstone,  as  being  met  with  in  tbis 
bed,  being  of  the  same  light  fawn  colour  as  the  clay.  It  might  almost 
he  siiid  to  be  red  cxtomally,  especially  when  slightly  weathered.  Dpon 
breaking  open  a  fragment  of  this  hard  seam,  it  was  seen  to  be  com- 
pletely riddled  with  Annelid  borings,  which  were  filled  up  with  blue 
clay.  Finding  that  tbeso  masses  were  far  heavier  than  the  clay 
from  any  of  the  beds,  I  asked  Mr.  Hudleston  to  give  me  an 
analysis  of  it — the  result  being,  it  was  found  to  contaiu  as  much  as 
30-40  of  metallic  iron. 

Large  tabular  slabs  of  this  seam  may  be  found  lying  on  the  beach 
in  Ejistwear  Bay,  being  washed  out  of  Bed  IIL  I  have  a  fragment 
in  my  cabinet  which  is  one  inch  in  thickness,  but  I  do  not  think  the 
seam  is  ever  found  thicker  than  1^  inches  at  Folkestone.  Yet,  as 
Prof.  Hupert  Jones  has  met  with  this  seam  near  Charing,  about  two 
inches  in  thickness,  it  is  an  additional  evidence  of  the  Gault  thicken- 
ing out  gradually  towards  the  north-west,  as  at  Bnrham  the  Gaalt 
has  a  total  thickness  of  about  200  feet 

With  regard  to  the  ForaminHera,  lam  aware  that  they  are  plentiful 
ia  the  Gault,  particularly  in  the  lower  beds ;  but  as  I  hail  ,never 
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■tnditid  them  in  detail,  I  omitted  to  include  them  in  my  list  of  fossils, 
as  I  did  all  that  either  John  Griffiths  or  mysRlf  did  not  uctuallj  find 
in  «tD ;  as  my  object  was  merely  to  notite  what  the  fauna  was  in 
eacii  bed  Many  forroa  I  omitt«d  from  the  list  ou  account  of  being 
naacqaainted  with  their  horizon. 

Ha.i  my  intention  been  otherwise,  I  should  have  recordetl  the  list 
of  Forarainifera  tliat  appeared  in  Morris's  Catalogue  ;  Mr.  Topiey'n 
more  ample  list  not  being  published  at  the  time  my  paper  was  read. 

Mr.  De  Rnnce  ftnmd  Bolalina  imtbilieata  in  hia  Bed  V.,  which  is 
the  same  as  Bed  VI 1.  in  my  table.  F.  G.  Hilton  Pbice. 


OBITTTJi.E.-Sr. 


COLONEL  GEORGE  GREENWOOD.^ 
Boas   Jcj™,    I"9i);  Dim    3lm    Notbmbkh,   187S. 

Albkit  it  is  long  after  date,  we  cannot  omit  to  pay  onr  tribuf«  of 
respect  to  an  English  gentleman,  who,  had  he  fallen  amongst  Geolo- 
p-'Li  in  early  life,  instead  of  amongst  "  thoroiighbreiis,"  woidd 
donbtlew  ham  ooonpied  a  leodii^  place  among  mea  of  scienoe.  Ool. 
George  (Jreenwood,  who  was  the  son  of  Mr.  Greenwood,  of  Brook- 
wood  Park,  Alresford,  Hants,  was  educated  at  Eton,  and  entered 
the  Army  as  a  cornet  and  sub-lientenant  in  the  2nd  Life  Guards  in 
1817.  just  after  the  memorable  period  of  Waterloo.  He  rose  rapidly 
in  his  profession,  although  he  was  never  called  upon  active  service, 
Lieut.-Col.  in  1831,  and  Colonel  in  1838.  He  was  highly  esteemed 
as  an  officer,  and  was  a  celebrated  athlete,  and  the  finest  horseman 
of  his  day.  Among  the  useful  reforms  which  he  introduced  into  the 
Household  Cavalry,  it  is  still  gratefnlly  remembered  that  he  reduced 
the  weight  of  the  helmet  from  8!hs.  to  31bs. !  He  was  highly 
esteemed  for  his  horsemanship  by  William  IV.,  and  received  marked 
distinction  from  the  young  Queen  Victoria ;  but  in  1840,  owing  to 
Ml  affection  of  the  heart,  his  physician  {Ur.  Chambers)  advised  his 
retirement  from  the  Army,  Living  thenceforward  the  life  of  a 
country  gentleman  in  Hampshire,  planting  and  transplanting  trees, 
he  devoted  much  time  to  reading.  In  1844  he  published  the  first 
edition  of  "  The  Tree  Lifter,"  and  in  1853  a  second  and  larger 
edition,  in  which  some  of  his  geological  obaervatioua  were  incorpo- 
rated. In  1857  Col.  Greenwood  published  the  first  edition  of  "Bain 
and  Bivers,"  in  which  be  showed  great  powers  of  obser^'ation  and 
shrewd  reasoning  on  the  influence  of  meteoric  agents  in  sfanping  the 
form  of  the  ground,  especially  in  reference  to  the  atinosplieric  origin 
of  all  river  valleys.  His  trenchant  and  original  style  of  thought 
attracted  the  attention  of  Professors  Bamsay  and  Jukes,  and  his  book 
having  been  liighly  commended,  ho  issued  a  second  edition  in  1866. 
He  was  a  voluminous  writer,  and  his  letters  were  always  appearing  in 
the  columns  of  the  Atkenmarn,  in  Nature,  and  in  this  Maqazinb.  He 
also  wrot«  occasional  articles  on  Valleys  and  their  mode  of  formation. 

Just  aa  in  the  banting  field  he  rode  hard,  so  in  his  letters  and  book 
he  strove  to  outride  all  opposition,  and  having  found  by  observation 
a  vera  cauta  ior  the  IbnuHtiou  of  valleys,  he  believed  iX  to  \m  lau 
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0AII8E,  AMD  THE  oidy  tnute.     Glaciers  he  disowned,  oontonding  th.it 
rain  and  rivers  could  do  all  the  work  very  well  without  them. 

Although  a  determined  opponent  in  a  controversy,  he  wna  a  highly 
polished  gentleman  in  hiH  manners,  and  courteous  to  all  with  whom 
ne  oarae  in  contact.  An  avenue  of  purple  beeches  down  the  Deane, 
near  Brookwood,  will  serve  in  meiaortain  to  recall  the  author  of  the 
'■Tree  Lifter"  and  of  "Rain  and  Rivera." — U is  nephew,  Mr. Charles 
W.  Greenwood,  is  preparing  to  re-isaue  his  books,  accompanied  by 
hie  extensive  mentifio  oorreBpondenoe. 

ADOLPHE  THEODORE  BRONGNIART, 

MBMB.  ACAD.  FB.,  POK.  >.«.«.,  >TC.,  BTO. 

Bo>M  14th  Jakvabt,  1801 ;  Dibd  18th  Fbbbuaki,  1876. 
Tbib  illtuttrioQB  Frenoh  botanist  has  for  half  a  century  jnstly 
occupied  a  prominent  pliun  aa  a  man  of  ecienoe.  He  was  the  son 
of  Alexandre  Brongniart,  the  famons  naturalist,  who  died  in  1847. 
At  the  age  of  nineteen  he  wrote  his  first  and  only  zoological  paper 
on  a  new  genns  of  Crustacea.  He  afterwards  devoted  himself 
wholly  to  Botany,  especially  to  the  study  of  fossil  plants.  In  1828 
he  commenoed  his  great  work.  "Hietoire  des  Y^getauz  Fossilea,  ou 
Becherches  Botaniques  et  Geologiqnea  "  (4to.  pp.  488,  illustrated  by 
16^  plates).  The  work  was  arrested  by  M.  Brongniart's  ill-health 
when  it  hod  reached  to  12  parta,  and  was  not  resumed  for  nine 
yeui'S.  Only  three  additional  parts  were  then  issued,  and  the  work 
remains  incomplete,  to  the  great  regret  of  all  students  of  Fossil 
Botany.  M.  Brongniart  wrote  the  article  on  FomH  Plants  in  the 
"  Dictionnaire  d'Histoire  Naturelle"  (1849).  He  also  contributed 
numerous  separate  papers  on  Recent  and  Fossil  Botany  to  the 
Annales,  eto. 

ia:isCE3X.LJi.3<rEOT7a. 

Australian  Gkolooy. — We  have  received  the  first  sketch  of  a 
Geological  Map  of  Australia,  including  Tasmania,  prepared  by  Mr. 
K.  Brough  Smyth,  Chief  Inspector  of  Mines.  Although  on  a  small 
scale  (about  110  miles  to  the  inch),  it  is  neatly  executed,  and  affords 
an  excellent  summary  of  the  present  state  of  Australian  geology. 
Considerable  areas  are  still  uncoloured;  but,  even  as  now  known,  all 
the  three  great  geological  periods  are  represented.  The  crj-stalline 
and  igneous  rocks,  including  granite,  trap,  newer  and  older  volcanic, 
are  largely  developed.  These  igneous  rocks  of  different  ages  form  a 
prominent  feature  of  the  eastern  and  western  districts,  where  also 
occur  the  Silurian,  the  Carboniferous  of  Palaeozoic  and  the  Carbo- 
naceous of  Mesozoic  age  ;  but  the  far  larger  portion  of  the  interior, 
now  explored,  especially  the  western  half  of  the  continent,  is  com- 
posed of  Cretaceous  and  Tertiary  strata,  either  of  Oligocene, 
Miocene,  or  Pliocene  age.  ITie  Map  therefore  forms  a  very  good 
and  useful  index  to  the  relations  and  distribution  of  the  different 
^ological  formatjons  as  at  present  known  on  the  Australian  con- 
tinent, — J.M. 
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OI&ia-I3<rJi.L     ARTICLES. 
L— Ok  th*  EzHUXATioir  jlhd  Devblopueht  or  A  labqk  Bxptilk 

(OuoaADRVS  ARMATVS,   OwKN),  THOK    THZ    ElKHXBIDaK   CUX, 

SwivDON,  "Wilts. 


Bj  William  Datim,  of  tha  Britiih  Id 
(PLATES  VII.  AMD  Tin.) 
nOSIPAB  ATIVELY  few  of  the  many  penoos  who  Tiait  out  larger 
\j  Unfteums,  and  atop  to  examine  the  foesila  exhibited  in  the 
cues,  have  any  idea  of  the  time,  labour,  oare,  and  meohanioal  skill 
which  many  of  them  require  ere  they  are  ready  for  the  palaeonto- 
logist to  interpret  and  describe,  the  artist  to  delineate,  or  made 
sufficiently  intelligible  for  public  exhibition.  The  first  operation, 
and  one  i-equiriog  considerable  care,  ia  the  exhumation  of  the  fossil 
remaina  from  the  stratum  of  gravel  or  clay,  or  from  the  siliceous  or 
calcareous  rocks  of  yarious  degrees  of  hardnesH,  in  which  they  may 
bave  been  imbedded  and  preserved.  Then  the  hardening  of  the 
buai^s — for  these  remarks  apply  more  especially  to  the  remains  of 
the  larger  Vertebrata — which  are  generally  found  much  broken, 
anJ.  unless  thoroughly  mineralized,  in  a  more  or  less  friable  and 
lirittle  condition.  Next  there  is  the  fitting  and  cementing  together 
of  the  pieces,  which  are  frequently  numerous,  and  of  such  as  have 
been  imbedded  in  a  rocky  matrix,  the  careful  development  by 
lummer  and  chisel  from  their  iucaaemcnt  of  stone :  all  of  which 
operations  necessarily  involve  a  large  amount  of  skilled  labour. 

The  late  Prof.  Phillips  wrote  a  graphic  description  of  the  dis- 
covery, mode  of  exhumation  and  restoration  of  the  remains  of  the 
tiuge  CetioaauTua  discovered  in  1869,  in  a  quarry  in  the  Great  Oolite 
.u  Elmslow  Bridge,'  and  now  preserved  in  the  University  Museum 
at  Oxford. 

The  discovery  in  187i  at  Swindon,  Wilts,  in  the  upper  beds  of 
the  Kimmeridge  Clay,  of  another  huge  Drogou,  somewhat  smaller 
in  dimensions  than  the  Elmslow  ginnt,  yet  of  scientific  value  and 
importance  equally  as  great  to  the  Palaiontolugist,  being  the  subject 
of  an  important  nionograph  by  Prof.  Owen.  F.H.S.,'  and  also  as  it 
has  been  reccotiy  placed  for  exliibition  in  the  Geological  Gallery  of 

'  See  Alhmaum,  Apnl  :nd,  1870. 

'  lo  the  PaliBontognipt  ral  Society'n 

Dinosaui  {Omotatout  aTmtlta,Qviia),U 
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fe«:  in  is  ^bortest  diuaeter :  ihe  margin  was  thin  in  pieces,  but  the 
gi^nerrt!  ihkiiieee  of  the  nodnle  isng«d  from  12  to  sboot  20  inchee. 
Ab.nt  fonr  fe«t  front  this  groop  of  boses  and  upon  the  same  level 
wa^  arotber  grwip,  which  consisted  of  an  entire  bomemB  (Plate  YIII. 
Fig-  - '-  ulna  and  radioa.  The  distal  oids  of  the  hnmems  and  ulna 
were  eocloaed  and  cemented  together  in  a  email  block  of  septariam. 
which  had  to  be  broken  before  they  conld  be  removed.  Snbse- 
iioentiv.  on  fmtber  d^ging,  carpal  and  metacarpal  bones  were  fonnd 
in  proximity  to  this  gronp,  all  being  pans  of  the  same  fore-lirob. 
Ttt-se  remains,  and  the  Tertebne  more  especially,  I  anppoeed  to  hare 
belonired  to  a  reptile  allied  to  Cetiotaanu,  bnt  new  to  science,  and 
reported  aocordin^y,  making  preparations  at  the  same  time  for  their 
removaL 

Ttie  eihnniation  of  the  bones  which  were  lying  in  the  clay  was 
readily  effected  by  the  method  already  described  in  the  pages  of  this 
Magazirk  (BeeG«>L.MAa.,  1865,  VoLn.  p.93).  But  how  to  remove 
from  the  pit  this  large  block  of  stone  without  injnring  and  destroying 
ibe  enclosed  bonee  was  a  problem,  for  to  raise  it  entire  with  snch 
apiiliancea  as  we  had  was  impossible.  Yet  its  safe  removal  was  im- 
rierative  in  the  interests  of  science,  as  I  believed  it  contained  a  large 
tiortion  of  the  posterior  part  of  the  skeleton  of  the  animal  Before 
deciding  upon  any  special  plan  of  operation,  and  to  ascertain  if  the 
nodule  was  reaUy  compact  and  firm,  a  trench  abont  a  foot  deep  and 
sevonil  feet  in  length  was  dug  along  its  margin  ;  a  workman  was  then 
Jattrticted  to  insert  his  pick  beneath  and  try  slighUy  to  raise  the 
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mass,  ^i?hich  was  then  fonnd  to  be  cracked  in  many  places,  nlthough 
no  cracks  were  before  yUible.  Matters  now  looked  promising,  for  it 
teemed  poesiblo  to  removs  this  concretionary  mass  in  large  blooks  which 
could  bo  afterwards  reunited.  When,  however,  after  some  further 
trenching  around  and  digging  beneath,  we  attempted  to  lift  the  first 
block — a  nearly  square  mass  abont  eighteen  inches  across— from  the 
day  on  which  it  was  first  formed,  and  whore  it  had  reposed  for  ages, 
it  fell  from  our  bonds  in  many  pieces  by  itjt  own  weight,  and  its 
enclosed  bone  was  found  to  be  wel,  rotten  and  crumbling.  Thus  all 
the  EMigniue  espectations  of  success  which  the  fissures  had  raised 
were  cast  down,  for  should  the  whole  nodule  fall  into  small  pieces  as 
tluE  pfirtion  had,  the  prospect  of  preserving  the  imbedded  bone  seemed 
hopc-lesa.  However,  after  carefnl  examination  it  was  found  that  no 
olhk'r  method  than,  taking  it  up  iu  blocks  was  practicable,  and 
prepsntionB  were  nude  for  removing  it  aooordingly.  Each  block 
w  it  was  taken  np  was  nmnbered,  and  each  piece  into  which  it  fell 
wu  marked  with  the  same  number,  the  smaller  pieces  being 
wrapped  in  paper,  also  numbered,  and  then  ranged  in  separate  he^ 
in  an  nniued  kiln.  Every  block  when  first  lifted  &om  the  olay 
bioke  into  many  pieces,  and  every  subsequent  removal,  in  their 
transit  from  the  pit  to  their  final  deposition  in  the  National  Collec- 
tion, added  greatly  to  the  number.  Tlie  contraction  caused  by  the 
lupid  drying  of  the  mass  in  the  sun,  whilst  lying  in  the  pit,  was 
also  a  source  of  disintegration ;  for  the  calcareous  particles  of  which 
the  septarium  was  composed,  although  hard,  had  but  little  cohesion, 
md  broke  readily  into  small  cnboidal  fragments  with  a  short  and 
clean  fracture  ;  whilst  the  quantity  of  bone  it  contained,  which  was 
ill  in  a  more  or  less  crumbling  condition,  and  the  veins  of  crystalline 
calcite  that  traversed  it  in  several  directions  were  also  sources  of 
weakness. 

The  exhumation  being  completed,  the  whole  mass,  packed  in  many 
<»ses  (stone,  clay,  plaster  and  bones,  weighing  nearly  three  tons), 
was  forwarded  to  the  Britiah  Museum.  Wben  unpacked,  the 
pieces — which  now  amounted  to  many  hundreds — were  ranged  in 
groups,  and  had  more  the  appearance  of  heaps  of  worthless  rock 
debris,  rather  than  of  fragments  to  be  united,  and  from  which  was 
to  be  extracted  the  symmetrical  bones  of  a  huge  reptile.  Tiio  work 
of  reconstruction  was  at  once  commenced ;  the  bones  imbedded  in 
the  clay  were  divested  of  their  plaster  casing,  gelatinized  and  mended, 
for  they  were  much  decayed  and  broken.  Piece  by  piece  the  septa- 
rium ■was  fitted  and  cemented  together,  until  the  pieces  were  formed 
into  great  blocks,  but  not  too  big  for  convenient  handling;  these 
again  were  fitted  and  placed  together  so  as  to  restore  the  nodule  as 
nearly  as  possible  to  its  original  shape ;  but  its  surface,  owing  to 
its  numerous  joints,  bore  some  resemblance  to  a  very  irregular  piece 
of  tessellated  pavement,  or  to  a  curious  Chinese  puzzle.  These  large 
blocks  were  then  united  and  firmly  cemented,  so  as  to  form  three 
masses  of  nearly  equal  proportions.  This  was  readily  effected,  for 
fortunately  I  had  discovered,  in  the  course  of  removing  it,  that  the 
nodule  had  two  parallel  cracks  running  across  its  sAio'rt,  &\Bm%\nx 
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which  divided  it  ;""  *^J'?:'yj1"*I  parts;'  these  again,  when 
the  work  of  developoien'  was  lar  advanced,  were  fixed  and  ioined 
together  in  a  frame,  «■"!  ■">-  present  tl.o  appeamnce  of  an  tnTi^ 
AbA  now  commenced  the  principal  work,  that  of  cutting  awav 
the  «pper  surface  of  the  block  and  tracing  the  Imbedded^toS^ 
for  aB  j-et,  with  the  escepUon  ot  the  femur  already  mentioned  and 
KWne  centra  of  vertebr*,  it  wm  not  certainly  fcno^vn  what  parU  of 
the  Btelelon  the  stone  enclosed.  This  was  a  wort  of  much  labour 
patieace  and  BkiU,  for  the  matns  was  hard  and  adhered  firmlv  to 
the  bone,  which,  being  much  softer,  rendered  it  almost  impossible 
to  remove  the  former,  without  also  taking  away  the  surface  of  the 
latter.  However,  slowly  but  satisfactorily  the  work  progressed,  and 
hone  after  bone  was  brought  to  light,  until  a  grand  group,  comprising 
the  iliac  bones  of  either  side  with  the  sacrum  entire  and  retaining 
their  normal  form  and  position,  an  ischium,  femur,  dorsal,  and  caudal 
▼ertebne,  were  projected  in  bold  relief  from  a  background  of  grey 
stone  :  forming  a  magnificent  fossil  group  unique  of  ita  kind  (Plat'e 
VIII.  Fig.  1).  This  work  was  skilfully  executed  by  Mr.  Barlow, 
the  mason  attached  to  the  Geological  Department,  and  occupie<i 
him  several  months.  But  happily  the  labour  has  added  much  to 
paleeontolc^ical  knowledge,  as  witnessed  by  Prof.  Owen's  Mono- 
graph already  referred  to,  and  the  results  have  been  a  sonroo  of 
gratificntion  to  tlu>se  who  took  pnrt  in  its  reooustniclian. 

In  addition  to  the  bones  above  mentioned,  a  large  dermal  spine, 
several  centra  and  processes  of  many  vertebi-re,  chevron-bonea,  por- 
tions of  ribs,  and  numerous  fragments  of  other  bones,  had  been 
found  and  taken  up  by  the  workmen,  before  the  lai^r  bones  were 
exposed,  and  these  fmgments  unquestionably  prove  that  many,  if 
not  most  of  the  vertehne  were  lying  around  the  central  mass,  and 
also  lead  to  the  inference  that,  had  some  competent  person  been 
present  at  the  moment  of  its  firat  discovery,  a  much  larger  portion  of 
the  skeleton  would  have  been  secured ;  for  undoubtedly  many  a  fine 
fossil  is  lost  to  science  through  the  general  ignorance  and  careless- 
ness of  the  workmen,  and  the  strong  propensity  on  the  part  of  the 
public  to  carry  off  poriioiw  of  any  curiogity  for  the  mantel-shelf! 

In  the  same  workings  have  also  been  found  remains  of  i'iiojattriH, 
Pleaiosaurua  and  vertebrte  of  a  new  species  of  Bolhrioapondylia  (B. 
ivffoMtis,  Owen),  the  latter  of  which  are  described  in  the  Monograph 

1  The  sorfacea  of  these  cracks  were  completely  covered  with  a  felting  of  the  root- 
lets of  plants,  which  had  penetrated  through  some  eight  or  nine  feet  of  compact  clay  to 
this  Bodule,  and  had  long  fed  upon  and  derired  nourishment  from  the  decBved  bones 
of  the  old  monster  within  it.  At  least  I  assumed  this  much  from  the  tact,  that  I  had 
all  the  other  nodules  broken  up  to  see  if  they  contained  any  bones,  aod  although 
they  were  much  cracked,  in  none  were  there  any  tracfa  of  rootlets  ;  nor  did  I  And  in 
one  of  them  any  organic  remain  which  could  have  9er?cd  as  a  nucleus  of  concretion. 
The  form  of  each  was  elliptical,  more  or  teas  elongal*d,  and  the;-  were  Wge,  memur- 
iog  several  feet  in  their  long  diameter,  and  were  traversed  by  veins  of  crystalline 
CMcite,  having  also  large  cantics  and  fissares  lined  with  crratals  of  the  same  mineral. 
The  nudena  of  all  these  nodules  of  septaria  was  probably  organic,  but  may  have 
consisted  of  more  perishable  orpnisms  then  bones,  and  ao  have  been  slowly  dissolved 
and  rewored,  leaving  the  cavities  lined  with  spar  to  mark  their  fMmer  preeence. 
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iderred  to;  and  also  tlio  defenaive  epines  of  a  fifih,  AsUracanOiw, 
Shells  of  Ammonites,  numerous  smnll  Oyetcra,  and  other  MoUusca 
abound  in  the  clay,  but  they  are  all  compressed  and  too  friable  for 
iRnoral, 

EXPLANATION  OF  PLATES. 
PLATE  VII. 
Pig.  L.  Bough  ditgrsm  of  priocipal  raaa  of  teptariain  in  vliich  th«  greater  part  oi 
the  remsiiu  of  Omatauna  amatm,  Owen,  vcro  encloactl, 
/.  the  right  femiu  in  sitn.    pu.  the  right  [mbic  bonp  projacting  frotn  the 
nodule  into  tlie  nitroundm^  cluy-bed.    I'l.  the  left  isuhlam.    Bix  caudal 
nrtebrtv  (c)  are  sIm  Been  Ijiag  near  the  nepturiuw  in  the  day. 


„    !.  Oeneni  riew  of  the  p 
*kctch  bj-  the  anlh 

it  at  Birindon,  nhowiDg  the  retatiTe  pootion  of  the 
and  the  Are  adjacent  septarit  b,  b,  6  (iana  a  rongh 

PLATE  VTIL 

n.  the  SBcrom.    il.  the  iliac  bonii* 
foniir  (/)  wai  articniatsd.    U.  the  i«hi« 
TCTtebnp.    c.  the  caudal  vertebnc. 

„    1.  The  hrft  humenu. 

V   3.  The  right  pobic  bone. 

after  derelopment  from  the  «ep- 

.  tho  aoBtsbnlnni  into  which  the 
m,  nearly  in  aitu.    ^  the  donal 

II. — SoMK  Notes  on  Glaciers. 
I)v  the   Hei-,    T.   G.   BoTiET,  Jl.A,,   F.G.S. 

AS  luis^ilen  are  falliug  thick  like  hail  upou  Ur.  Judd  since  his 
challenge  to  the  Olacialists,  I  take  the  opportunity  of  putting 
1(^ther  a  few  notes,  made  during  an  Alpine  journey  last  summer, 
which  would  have  been  published  sooner,  had  more  time  been  at  my 
dispoBa].  The  lower  parts  of  the  Gomer,  Arolla,  Dea  Bossons,  Des 
Bois,  and  Argentitre  Glaciers  were  carefully  studied,  but  others 
icceived  passinp;  attention. 

1.  Ground  Moraine.  —  The  Glaciers  of  the  Swiss  and  Savoy 
Alps  have  been  retreating  for  several  years ;  hence  if  anything  like 
j^und  moraine  existed,  this  would  be  a  very  favourable  time  for 
obcerving  it  la  no  case  have  I  been  able  to  find  signs  of  any 
deposit  Tesemblicg  Till  or  Boulder-clay  ;  the  detrital  matter  which 
is  scattered,  generally  sparsely,  over  the  slope  left  bare  by  the  retreat- 
ing glacier,  has  fallen  from  its  surface,  like  ordinary  terminal  moraine. 
Further,  by  availing  myself  of  crevasses,  etc.,  I  have  made  my  way 
uccaaionally  for  some  little  distance  beneath  the  ice.  Nothing  b^ 
been  seen  but  bare  rock,  with  now  and  then  a  film  of  muil  or  a 
)>assing  stone.  In  short,  the  result  of  an  experience  of  some  yeara 
has  convinced  me,  that  if  anything  like  the  Till  or  Ground  Moraine  of 
recent  glocialists  existe  in  the  Alps,  it  is  a  very  local  and  exceptional 
phenomenon.  It  had  sometimes  occurred  to  me,  as  I  believe  it  has 
to  others,  that  much  till-like  matter  might  be  produced  from  a  resi- 
<hium  of  stones  and  mud  which  had  been  once  involved  in  tlie  ice  of 
the  glacier.  My  more  careful  observations  during  the  present  year 
liave  shown  me  that  these  cases  of  included  materials  are  more 
CTcceptional  and  less  abundant  than  I  had  anticipated, 

2.  The  Erotive  Power  of  Glaciers. — As  I  have  already  several 
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times  stated,  it  SQems  to  me  very  difficult  to  reconcile  tlLs  great 
erosivo  power  attributet!  to  glaciers  with  a  great  Utl-proilui-tira 
power,  when  overriiling  tlieir  terminal  moraines  and  the  rubbish  in 
the  lower  valley.  Some  facta  which  I  noticed  last  euiumer  appeared 
to  have  an  important  beariog  on  this  t^uestion.  At  the  present 
time,  the  end  of  the  Glacier  des  Bob  just  reaches  the  level  bed  of 
the  Arve  valley,  and  reclines  on  ioo-worn  roaks,  with  its  extremity 
fitted  into  a  sort  of  glett  or  ravine,  not  more  than  about  thirty  yards 
ftcross,  Below  it  there  is  a  atony  plain  covered  with  the  usual  mixture 
of  rounded  and  angular  blocks — raioa-achiBt,  gneiss,  protogine,  etc. 
Among  these,  a  short  distance  from  the  end  of  the  glacier  and  rather 
near  the  left  bonk  of  the  valley,  is  a  huge  black  of  proto^ne  about 
12  xS  yards  area  and  4  high.  The  top  of  this,  and  to  some  extent 
the  sides  also,  are  striated  by  ice  moving  in  the  direction  of  the 
present  glacier.  The  Glacier  of  Argentiere  is  iu  a  nearly  similar 
position  ;  about  the  last  fifty  yards  rests  on  the  atony  bed  of  the  An-a 
valley,  the  remainder  lies  on  rocky  slopes.  In  front  of  it  there  is  an 
extensive  area,  now  covered  with  boulders,  which,  within  the  last 
few  years,  has  been  abandoned  by  the  ice,  and  is  inclosed  by  a  com- 
paratively fresh  terminal  moraine.  Many  of  the  smftllor  blocks  on  this 
area,  now  almost  concealed  by  rubbish  scattered  from  the  retreating 
glacier,  are  smoothed  and  striated  as  if  by  passing  ice,  but  the  general 
uniformity,  however,  of  their  upper  surface  is  unfavourable  to  the 
idea  of  the  glacier  having  any  great  power  of  "  churning  nji "  the 
deposit  beneath.  Here  and  there  are  largo  prominent  protogine 
blocks,  scvefiil  of  which  distinctly  show  by  tho  striafions  on  tbeii 
sides  and  surface,  that  the  glacier  has  flowed  over  them.  Three  lie 
near  together ;  their  tops  are  polished  and  striated,  and  Uttered  over 
with  moraine ;  they  do  nut  form  part  of  a  lateral  or  ordinary  ter- 
minal moraine,  but  are  in  an  open  plain.  Striationa,  tlon  and  Ue 
eeile — everything  is  just  as  it  should  be  had  the  glacier  flowed  over 
them,  and  each  has  a  "  tail "  of  moraine.  The  largest  was  about 
12x7x5  yards. 

To  return  to  the  glacier  itself.  Where  the  ice  rests  on  the  level 
stony  plain,  the  subjacent  materials,  so  far  as  I  could  make  out,  are 
little  if  at  all  disturbed.  This  fully  agrees  with  everything  that  I 
have  ever  observed,  viz.  that  when  the  glacier  is  passing  over  level 
or  slightly  inclined  materials,  it  does  not  much  disturb  them,  but 
thrusts  up  in  front,  when  advancing,  at  most  a  mere  scarf  skin  of  turf 
or  debris.  I  questioned  my  guides,  Franz  Biirgener  and  Jean  Martin, 
both  men  of  experience  and  more  than  ordinary  intelligence.  They 
gave  it  as  their  belief,  that  when  a  glacier  descends  a  slope  of 
moderate  inclination,  there  is  only  hare  rock  beneath;  when  it  passes 
over  a  tolerably  level  surface,  it  overrides  the  debris  in  front,  with- 
out much  disturbing  it. 

The  slope  of  rock,  a  considerable  portion  of  which  has  now  been 
exposed  by  the  shrinking  of  the  glacier,  lies  at  an  angle  of  about 
16"  or  20°.  On  ascending  that  on  the  left  bank  for  some  little  dis- 
tance, I  found  it  possible  to  pass  between  the  ice  and  the  rock,  and 
availed  mjself  of  the  opportvmity,  making  sketches  of  the  largest 
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grotto.  I  copy  the  following  from  my  note-book  as  the  reanlt  of  my 
clpservations  :  (a).  The  ice.  when  in  contact  with  the  rook,  was 
D^m^kably  clean  (as  waa  tho  rock),  and  but  few  stones  were  frozen 
into  it.  The  glacier  adapted  itaelf  very  remarkably  to  the  ino- 
^naliUes  of  the  rock  (a  gneiss,  not  protogine),  actually  fitting  itself 
into  hollows  aomo  2  feet  deep  by  3  or  4  wide.  {h).  The  ice,  though 
tbu  filling  up  the  larger  inequalities,  does  not  q^uite  fit  into  die 
naaller.  The  onwom  space  at  the  base  of  a  he  teile  cliff  depends  on 
^ererat  thingB,  but  spealung  generally  it  rarely  exceeds  the  height  of 
tW  cli£F,  and  is  narrower  on  steep  than  on  gentle  slopes,  (c).  The 
iix  appears  to  enter  these  cavities,  not  by  fracture  and  regelation, 
but  by  cbonge  of  form,  as  in  the  case  of  a  plastic  body,  for  it  is 
remarkably  clear  and  sol  id -loo  king,  (d).  Looking  into  the  ei- 
quisitely  blue  mass  of  the  glacier,  I  saw  here  and  there  a  little 
[■ockel  of  mud  imbedded,  and  a  few  stones ;  but  I  tliink  27  cubic 
indies  of  rock  to  a  cubic  yard  of  ico  would  be  much  above  the  average 
proportioQ.  (e).  There  were  no  signs  whatever  of  the  glacier  being 
»ble  to  break  off  or  root  up  blocks  of  tho  subjacent  schistose  rock ; 
il  seemed  to  simply  wear  away  prominencea. 

It  may  be  weD  to  worn  persons  unaccustomed  to  glaciers  that,  in 
eiamining  their  Sanks  and  ends,  there  is  often  danger  from  falling 
toe  and  stonea.  In  doing  the  above  work,  I  always  nciej  under  the 
iJsice  of  an  experienced  guide,  and  know  the  habits  of  glaciers  preity 
well  myself;  yet,  in  the  afternoon  of  the  day  when  these  observa- 
tions were  made  on  this  Argentiure  glacier,  many  tons  of  ice  fell 
either  on  or  veiy  near  to  a  place  where  we  had  been  working. 

To  conclude.  The  above  observations  tend  to  show  that  ice  is  a 
far  more  plastic  substance  {be  the  cause  of  the  plasticity  what  it 
may)  than  some  physicista  would  allow,  and  this  has  been  con- 
Qrmcd  by  the  remarkable  experiments  of  Herr  Ffoff,  an  account  of 
which  (Nature,  voL  sii.  p.  316)  was  almost  the  first  thing  to  meet 
my  eye  on  my  return  to  England.  They  further  indicate  that  this 
very  plasticity,  which  in  some  respects  is  favourable  to,  in  others 
militates  against,  its  erosive  power ;  as  it  occasionally  flows,  after  tho 
manner  of  water,  over  and  round  an  obstacle,  instead  of  sweeping  it 
away,  and  appears  to  pass  over  debris,  as  a  river  does  over  a  gravelly 
bed.  I  am  thus  confirmed  in  my  view  that  "Ground  Moraines,"  in 
the  ordinary  sense  of  the  word,  are  very  exceptional,  and  that  the 
explanation  commonly  given  of  Till  {e.g.,  Great  Ice  Age,  p.  87)  is 
incorrect  Further,  I  am  confirmed  in  regarding  a  glacier  as  an 
agent  of  abrasion  rather  than  of  erosion,  and  though  I  admit  that  on 
the  whole  it  seems  sometimes  the  simpler  plan  to  attribute  to  the 
action  of  glaciers  certain  tarns  and  even  small  lakes,  yet  when  I 
come  to  study  them  in  detail  I  am  confronted  with  so  many  indi- 
cations of  the  inability  of  glaciers  to  excavate,  except  under  pecu- 
liarly favonrable  circumstances,  that  I  feel  convinced  great  caution 
must  be  exercised  in  referring  to  their  action  a  rock  basin  of  even 
moderate  dimensions. 
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m. — COKTEIBUnOJIS  TO  THB  StFDT  OF  VoLCANOB. — SeDOND  SxSIER. 

Bj  Jobs  W.  Ji-dd,  P.G.S. 

On  thb  Volcanic  Octbubsts  wTiicn  pbeceded  the  Fobuatioh  op 

TEE  Ax-PINB  SybTEM, 

Or  al!  the  phyeical  features  of  oor  continent,  that  which  moBt 
powerfully  airests  the  attention  is  the  noble  chiun  of  the  Alps, 
with  its  wide-epreoding  eyBtein  of  Biibordiuate  mountain-ranges ;  and 
among  iho  series  of  grand  ovents,  which  by  the  reeearches  of  the 
geologist  are  demonstrated  to  have  taken  place  on  this  our  own  por- 
tion of  the  globe,  there  are  none  more  striking  and  conspicuous 
than  those  manifestations  of  subterranean  forces  to  which  the  vast 
mountain -mafises  in  question  owe  their  origin. 

As  we  now  know,  the  great  centres  of  crystalline  rock,  which  for 
the  most  part  conalitute  the  asial  portions  of  the  Alpine  ranges,  do 
not  represent  any  primilire  formation — portions  of  the  surface  of  a 
molted  globe,  as  it  originally  cooled,  or  deposits  of  an  ocean  still  in 
ebullition, — as  old  writers  on  geology  used  to  imagine ;  but,  on  the 
contrary,  they  are  found  to  consist  in  great  part  of  sediments  formed 
during  different  geological  periods,  which,  long  subsequently  to  their 
deposition,  were,  by  the  action  of  tangential  mechanical  strains, 
folded  and  crumpled,  and  by  the  agency  of  chemical  forces  developed 
in  their  midst,  were  transformed  into  tiieir  present  highly  crystalline 
conditioa.  The  sedimentary  rocks  out  of  which  these  crystalline 
masses  have  been  formed  were,  as  we  now  recognize,  deposited  during 
diffoiont  Palieozoic,  MesoKoic,  and  Tertiary  ejiochs ;  and  the  forces 
by  which  they  have  been  metamorphosed  and  have  acquired  their 
present  elevated,  contorted,  and  even  inverted  positions,  have  for  the 
most  part  operated  during  what  ihe  geologist  regards  as  compaia- 
livtly  recent  periods ;  indeed,  the  most  powerful  of  all  the  series 
of  movements  to  which  the  Alpine  chains  owe  their  ori^n  must 
hnve  taken  place  during  the  latter  half  of  the  Tertiary  epoch.  The 
highly  crystalline  rocks  of  the  central  portions  of  the  Alpine  chain 
are  not  the  oMeH  formed  portions  of  their  masses,  but  the  youngest 
— and  are  the  result  of  the  extreme  metamorphism  of  the  most 
violently  disturbed  portions  of  sedimentary  deposits,  some  of  which 
are  of  as  recent  date  as  the  Tertiary,  and  of  the  intrusion  into  their 
midst  of  aqueo-igneous  masses.  Ttie  growth  of  the  Alpine  chain 
was  not,  ae  formerly  supposed,  an  exogenout  one — reaultiDg  from 
the  successive  deposition  on  the  flanks  of  a  granitic  axis  of  layers 
of  gradually  less  crystalline  character — but  an  endogenoiu  one; 
masses  of  pre-formed  sediments  being  upheaved  along  certain  lines, 
and  at  the  same  time  folded,  crumpled  and  crushed,  while  they 
had  a  crystalline  structure  induced  in  them  and  liquefied  masses 
from  below  thrust  into  their  midst  So  recent,  geologically 
F:pcaking,  have  been  those  manifestations  of  subterranean  force  to 
which  Uie  Alpine  system  owes  its  origin,  that  the  greater  part  of 
the  present  elevation  of  these  seemingly  "everlasting  hills  and 
perpetual  mountains"  is  unquestionably  due  to  causes  which  have 
Operated  since  the  period  of  the  deposition  of  the  clays  and  sands 
on  which  London  if  bnilt ! 
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:  is  Dot  oar  purpoBe  to  discuBs  in  these  chapters  the  geneml 
I  phenomena  connected  with  the  formation  of  the  Alpine  chnin.  This 
b«  recently  been  done  in  a  moat  able  manner  by  Professor  Suess  of 
Tieima,  in  his  "  Die  Eutstehung  der  Alpen."  Our  objuct  will  be 
nther  to  study  the  relations  between  the  manifestations  of  subterra- 
oean  force  which  have,  during  such  comparatively  recent  geological 
peiioda,  tesultad  in  the  striking  mechanical  and  chemical  changes  in 
the  Alpine  strata,  and  those  others  which  bave  produced  the  numerous 
volcanic  ootbursts  within  and  around  the  Alpine  system.  And  we 
believe  that  these  studies  of  the  orographic  features  of  our  own 
continent  will  lead  us  to  conclusions,  similar  to  those  arrived  at  by 
Darwin  from  his  obeervationa  in  South  America — namely,  that  the 
(anses  of  the  elevation  of  continents  and  of  the  upheaval  of  mountain 
chains  are  but  different  modes  of  action  of  the  same  forces  which 
give  rise  to  volcanic  outbursts. 

We  must  here,  however,  carefully  guard  ourselves  against  an  error 
into  which  some  of  the  older  geologists  fell.  Although  the  eleva- 
tion of  surrounding  areas  often  precedes  and  aocompaniea  the  out- 
bnrsts  of  volcanic  forces,  and  the  actual  accumulation  of  ejected 
mnteriala  around  igneous  vents  may  result  in  the  formation  of 
iiiC'uiitmn  pilos  of  the  vastest  dimenaioiiii,  j'ut  tL^  origina.tion  a£  the 
principal  mountain  chains  does  not  appear  to  be  directly  referable  to 
rolcanic  action.  On  the  contrary,  a  period  of  volcanic  activity  in  a 
district  would  seem  to  be  almost  invariably  followed  by  a  greater  or 
leas  amonnt  of  subsidence  of  the  immediate  area  in  which  it  takes 
place.  Von  Bach,  when  he  came  to  study  the  interesting  volcanic 
Focka  situated  in  the  very  heart  of  the  Alpine  chain — namely,  those 
of  the  Southern  Tyrol — fancied  that  he  had  discovered  in  them  the 
real  canse  of  the  elevation  of  the  Alps.  The  fallacy  of  the  views  of 
Von  Buch  has,  however,  been  fully  shown  by  the  proofs  whiclt  have 
been  sincfl  obtained,  that  the  volcanic  eruptions  in  question'took 
place  at  a  period  long  prior  to  that  of  the  movementa  to  which  the 
origin  of  the  Alps  must  be  attributed. 

But  although  the  outhurats  of  these  volcanic  rocks  of  the  Southern 
Tyrol  were  certainly  not  the  direct  caute  of  the  elevation  of  the 
.\lpine  ch^n,  it  would  be  a  great  error  on  our  part  to  hastily  adopt 
the  conclusion  that  the  two  series  of  events  had  no  connexion  with 
one  another. 

Uo  far  as  we  are  able  to  judge  from  the  characters  of  the  faunas 
of  the  Silurian,  Devonian  and  Carboniferous  rocks  of  Southern 
Europe,  there  is  no  reason  whatever  for  concluding  that  during  these 
periods  any  kind  of  barrier  to  the  distribution  of  organic  life 
occupied  the  position  of  the  eiiating  Alpine  chain.  Indeed,  the  first 
indication  of  the^exiatence  of  a  line  of  weakness  in  this  portion  of 
the  earth's  crust  is  found  towards  the  close  of  the  Permian  period, 
when  a  series  of  volcanic  outbursts  on  the  very  grandest  scale  took 
place,  along  a  line  parallel  to  and  nearly  coincident  with  the  main 
axis  of  the  present  Alpine  range,  and  wore  continued  with  some 
interruptions  till  nearly  the  close  of  the  Triassic  period.  Of  the 
nature,  products,   and  attendant  pheuomema  of   these  ^re-Al^ine 
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Toloaoic  outbursts,  we  propose  to  give  a  sligtit  sketch  in  the  present 

chapter. 

In  studying  the  history  of  these  early  oufhuxBts  of  the  volcanio 
forces  in  the  Alpine  district,  wo  have  unfortunately  some  great  diffi- 
culties to  contend  with.  Thronghout  the  greater  part  of  the  Afpiue 
mnge,  sedimentary  rocka  of  younger  dale  have  been  piled  to  the 
ieiglit  of  many  thousands  of  leet  above  the  volcanio  products  of  the 
period  we  are  considering.  At  three  points,  however,  denuding 
forces  Iiavo  exposed  them  for  our  study — namely,  near  the  Lake  of 
Iiugano  on  the  borders  of  Switzerland  and  Italy,  in  the  Southern 
Tyrol,  and  in  the  coimtry  about  Baibl  in  Cnrinthio.  At  a  ntnnber  of 
intermediate  points  and  at  some  others  in  the  same  line,  but  to  the 
eastward  of  idl  of  them,  more  partial  exposures  of  volcanic  rocke  of 
oontomporaneoua  date  are  found  ;  these  serve  to  indicate  that,  if  vre 
could  remove  the  mass  of  superincumbent  rooks  of  later  date,  we 
should  probably  discover  beneath  them  a  oontinnous  range  of  volcanic 
mosses  along  a  line  nearly  coincident  with  that  of  the  future  Alps. 

Of  the  several  espoaui'es  of  the  pre-Alpine  volcanic  rocks,  that 
which  aflfords  us  by  far  the  best  insight  into  the  nature  and  sucees- 
aion  of  the  operations  which  took  place,  occurs  in  the  district  of 
the  Southern  Tyrol.  Tlie  old  voloanos  of  this  country  we  shall  now 
proceed  to  describe,  and  then  afterwards  briefly  notice  the  features 
of  some  of  the  contemporaneousiy  formed  igneous  masses  at  other 
parts  of  the  Alpine  system. 

Tiio  greatest  breach  in  the  continuity  of  the  Alpine  chains  is  that 
which  lias  lieen  effected  by  tho  denudation  of  the  river- systems  of 
the  Inn  and  the  Adige,  flowing  northwards  and  sonthwwrds  to  the 
Danube  and  Fo  respectively ;  and  it  is  at  the  watershed  between 
these  two  aystems  of  valleys  that  the  lowest  of  the  great  Alpine 
passes — the  Brenner — occurs.  Now,  it  is  just  in  this  area  of  maximum 
denudation  that  the  finest  exposure  of  the  pre-Alpine  volcanio  rocks 

Tho  oldest  of  these  is  the  well-known  quartz -porphyry  of  Botcen, 
which  by  tbe  earlier  geologists  was  regarded  as  a  granite.  Although 
only  very  partially  e^ibited  by  the  denudation  of  the  vast  overlying 
masses  of  the  Triassic,  Itbsetic,  Jurassic,  Tithouian,  Neocomian  and 
Cretaceous  rocks,  it  can  be  traced  over  an  area  of  more  than  1,000 
square  miles,  and  is  found  to  constitute  mountain -masses  of  more 
than  9,000  feet  in  height.  It  is  probable,  moreover,  from  the 
appearance  of  similar  rooks  at  the  bottoms  of  deep  valleys,  and  at 
other  points  where  the  younger  formations  have  been  removed  by 
denudation,  that  a  belt  of  similar  rocks  extends  below  the  Boutbem 
limestone  zone  of  the  Alps,  from  the  borders  of  Switzerland  on  the 
west  to  GarLnthia  in  the  east. 

The  rock  of  the  quartz-porphyry  of  Botzen  presents  many  varia- 
tions in  structure  and  appearance ;  wbUe  it  sometimes  approximates 
in  its  characters  to  tbe  granites,  with  which  class  of  rooks  it  was, 
as  we  have  already  remarked,  identified  by  the  older  writers,  it  at 
other  times  closely  resembles  the  recent  Liparites  of  Hongary  and 
other  opimtriM.    The  quartz  is  almost  always  distinotly  viaiUe,  as 
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■ore  or  less  rooniled  grains,  and  these,  witli  crystals  of  ortLoclfiso 
felipar,  oTEi  imbedded  in  a  paste,  ivliicb  is  sometimeG  micro -crystalline. 
It  others  more  or  leas  glassy,  and  occasionally  exhibits  a  sphas- 
rnlitic  structure. 

CloseJy  associated  with  the  qiiartz-jtorpbyiy  of  Botzen  is  a  ro*i 
c^td  by  Tschemtak  "  quartz- iwrpby rite,"  and  wliioh  differs  from 
tlie  former  prtDcipally  iu  boiog  oompo&od  of  a  plagioclase  felspar 
buteod  of  orthoclase.  This  ruck  is  bijst  seen  in  tlio  Son  Pellegriuo 
T»Iley  lying  to  tlie  south  of  the  mountain  of  Moniwni,  but  it  has  also 
besD  detected  at  some  other  points  in  the  district.  It  is  usually  of  a 
gieyiah-green  colour,  and  exliibits  numerous  large  grains  of  quaiiz 
with  sm&ller  crystals  of  plagioclase  felspar  and  hiotite,  imbedded  in  a 
compact  dark-coloured  base.  The  rock  in  question  is  of  mnoh  interest 
w  presentijig  us  with  on  exact  representative  among  the  volcanic 
products  of  older  date  of  tho  remarkable  modem  quartz-Andesitea  or 
Daoites,  which  are  so  largely  developed  in  Eastern  Europe.  Tho 
Tiew  once  held  by  petrologists,  that  the  prevailing  felspar  in  all  rocks 
which  contAin  free  quartz  must  necessarily  be  an  ortboclage,  is  now 
iLdwii  ,to  be  altogether  untenable.  Among  granitic  rocks  we  have 
the  Tonolite  of  vom  Bath  (the  so-called  granite  of  the  Adamello 
group),  composed  of  a  plagioclase  felspar  with  much  free  quartz. 
Aiflong  the  porphyritic  rocks,  or  those  with  a  texture  intermediate 
between  granites  and  lavas,  and  also  among  the  latter  class  of  rocks 
tht'iuselvea,  we  find  innumerable  examples  of  rocks  of  similar  mine- 
nlogical  constitution, — both  in  the  modem  Hmigai-ian  Dacites  and 

the  ancient  quortz-porphy rites  of  the  Southern  TyroL 
With  regard  to  the  epoch  at  which  these  quartziferous  lavas  of  the 

Southern  Tyrol  were  erupted,  all  geologists  are  now  agreed  that  it 

must  have  been  that  of  the  Dyas  or  Permiao. 
In  oi-der  to  illustrate  the  ultimate  composition  of  these  quartziferous 

volcanic  rocks,  which  during  the  Permian  period  were  so  abundantly 

erupted  in  the  Alpine  region,  we  may  cite  the  following  analyses : — 
(1)  (2)  (3)  (4)  (5) 


Silica,  with  Titanic  acid... 

76-14     . 

.     7310     , 

.     74-62     . 

.    67'98    

12'69     . 

.     12-84     . 

.     11-9*     . 

.     14 -01     

178    . 

.       3-02     . 

.       2fi9     , 

fi'OO    

017    . 

.     trace    . 

,      0-23     . 

O-ol    _ 

1-22    _ 

0-73    . 

2-47    

MacTHsia. 

0-32     . 

.       0-44     , 

.       0-31     . 

2-41     

Potash       ., 

6'81     . 

4-32     , 

.       6'29     . 

.      3-6S    

Soda    .     ,   .     .„.     ....     ... 

.      )-33    . 

2-93     . 

.      2-2S    

■Water      

103     -. 

_      1-20    . 

.       0-90     . 

.      1-87    

Totals       ._ 

100-27 

S9-47 

99-54 

99-34 

101 -es 

(1)  is  a  typical  esaniple  of  the  quortz-poiyhyn'  of  Botnen  from  Bt.  Ulrieh  in  the 

Grmlencr  Thai.  The  analysis,  which  is  by  Dr.  Ruhe,  was  nuWiahed  hy  Schecrer. 

(2)  and  (3)  are  analysea  of  somewhat  siroiur  roclcs  made  by  Scheerer  and  fiuhe 

reipertively ;  (2)  is  the  rock  of  Moena,  which  c("'" ■■  -------^ 

'"  '  '         '  '    la  regarded  by  Tschennak  M  to 

'     '     ana  me  l^ ^_.^_^.,. 

_      ^         IS  by  Scheerer. 
(5)  the  iQter«etiDf;  quartz -porphynt«  from  the   San    Fellegrino  Valley. 
analysis,  which  u  by  S.  Konya,  wu  pnbliahed  by  Tscbetmak. 
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■With  reepeot  to  the  mode  of  formation  of  these  vast  masses  of 
volcanic  rooks  in  tbo  Southern  Tyrol,  tbo  only  conclusion  at  whiL'h 
-we  can  arrive  is,  that  the  highly  siliceotts  materials  which  compose 
them  constituted  a  lava  of  only  very  imperfect  liquidity,  and  that, 
like  many  modem  lavas  of  the  same  class,  it  quietly  welled  forth 
from  volcanic  fissures,  building  up  vast  dome-shaped  mountains,  the 
formation  of  which  was  attended  with  but  comparatively  little 
explosive  action.  Masses  of  tufls,  however,  clearly  resulting  from 
the  latter  kind  of  action,  do  occur  in  association  with  these  widely 
spread  quartziferous  lavas,  and  the  manner  in  which  they  are  found 
to  alternate  Nvitb  beds  of  sandstone  and  conglomerat«,  as  in  the 
Grudener  Thai,  and  at  many  other  points,  indicates  tliat  the  outbursts 
by  which  these  volcanic  rocks  were  formed  must  have  taken  place 
either  on  the  land  or  in  shallow  water.  Kichthofen  has  endeavoured 
to  refer  these  Permian  volcanic  outbursts  to  a  number  of  distinct 
periods,  and  it  is  certain  that  they  must  have  extended  over  enormous 
intervals  of  time.  Some  idea  of  the  scale  on  which  these  displays 
of  volcanic  activity  took  place  may  he  gathered  from  the  fact  that, 
although  they  were  certainly  greatly  denuded  before  the  deposition 
of  the  Buperincumbeut  rocks  upon  them,  and  are  now  only  very  im- 
peifectly  exposed  to  our  observation,  yet  the  quartziferous  volcanic 
rocks  of  the  Botzen  distiict  ooastitut^  I'ock-masses  more  than  9,000 
feet  in  thickness  I 

The  eruption  of  the  quartz -porphyry  of  Botzen,  which,  as  we  have 
shown,  must  be  regarded  as  the  first  symptom  of  the  existence  of  that 
line  of  weakness  in  the  earth's  crust,  to  which  the  formation,  at  a 
later  period,  of  the  Alpine  chain  must  be  ascribed,  was  followed  by 
a  prolonged  period  of  subsidence.  During  this  epoch  the  vast 
thickness  of  sediments  which  constitute  the  Alpine  Trias  was  de- 
posited, consisting  of  sandstones,  limestones,  and  shalea  piled  npon 
one  another  to  the  aggregate  thickness  of  several  thousands  of  feet, 
Tliis  quiet  accumulation  of  sediments  during  the  Triaesio  period  was, 
however,  interrupted  by  a  number  of  volcanic  outburst*  on  a  far 
less  grand  scale  than  those  which  had  taken  place  during  the 
Permian  period  ;  the  remarkable  variations  in  the  thickness  and  mode 
of  formation  of  the  several  divisions  of  the  Alpine  Trias  also  indicate 
the  very  local  and  interrupted  nature  of  the  movements  which  were 
taking  place  in  the  area,  and  prove  the  continued  aotlvity  of  those 
subterranean  forces  of  which  the  manifestations  at  the  surface  by 
volcanic  outbursts  had  become  bo  much  more  feeble. 

If,  however,  the  volcanic  outbursts  of  the  Trias  appear  inragnificant 
in  extent  when  compared  with  those  of  an  earlier  period,  they  arrest 
the  attention  of  the  geologist  much  more  powerfully  than  the  latter, 
ou  account  of  the  variety  and  interesting  characters  of  the  rock- 
masses  produced  by  them ;  and  especially  by  the  assemblage  of 
beautiful  crystallized  minerals,  which  have  resulted  from  the  action 
of  tho  igneous  intrusions  on  the  surrounding  stratified  masses. 

There  ate  indeed  few  localities  in  Europe  more  justly  famous 
among  men  of  science  than  the  valleys  of  the  Southern  Tyrol.  To 
those  oi  ik%  most  varied  tastes,  the  district  offers  equally  powerful 
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dianas.  The  artiat  and  lover  of  pioturesqne  scenery  is  attracted  by 
the  remarkabia  contraatB  afforded  by  the  dark  rugged  igneous  lunHHeB, 
pnrounded  by  spires  ant!  precipices  of  glittering  dolomite ;  the 
liotanist  finds  b  wonderfully  varied  flora  growing  upon  its  strangely 
diversified  soils ;  the  mineralogist  recognizes  it  aa  an  almost  unri- 
Talled  locality  for  many  beautiful  crystallized  forms ;  the  palieontoio- 
gist  knows  of  no  richer  himting  grounds  than  the  beds  of  St.  Caasian  ; 
the  granites  and  porphyries  of  the  area  aro  among  the  best-knowii 
types  of  the  petrologist ;  and  the  physical  geologist  has  learnt 
to  reganl  it,  ever  sinoe  the  days  of  von  Buch,  as  a  field  in  which  a 
solntion  of  some  of  the  grandest  problems  of  his  science  maybe  hope- 
folly  eoagbt.  Few  districts  of  equal  area  can,  perhaps,  boast  of  a 
scientific  literature  so  prolifia ;  aiid  a  list  of  works  relating  to  its 
geology  alone,  which  was  drawn  op  by  Richthofen  in  1S58,  and 
extends  to  ten  quarto  pages,  wouhl  have  to  be  very  largely  added  to, 
in  order  to  bring  it  up  to  date.  The  visitors'  books  of  the  little  inns  in 
the  secluded  valleys  of  the  Southern  Tyrol  are  collections  of  the  auto- 
graphs of  scientific  investigators ;  and  nowhere  perhaps  in  the  whola 
world  do  the  quiet  and  unobtrusive  labours  of  men  of  science  attract 
eo  large  an  amount  of  popular  attention  as  in  these  remote  valleys. 
The  Knglish  geologist  smiles  to  see  in  sucli  a  spot  the  porti-jit  of 
Sir  Koderick  Murchison,  of  course  well  l>e-Htanel  and  be-ribtwned, 
paired  with  that  of  Alexander  Von  Humboldt,  and  both  placed  as 
supporters  to  the  picture  of  an  Austrian  Archduke,  whose  name  was 
given  to  a  well-known  mineral  species.  So  great  is  the  interest 
excited  by  the  remarkable  rocks  of  this  district,  and  especially  by 
those  of  Monzoni  and  Predazzo,  and  so  various  at  the  same  time  aro 
the  ooDclnsiona  at  which  different  students  of  thom  have  arrived,  that 
we  may  ■well  call  this  region  "  the  battle-ground  of  Petrologista." 

There  are  a  number  of  different  centres  of  eruption  which  can  be 
traced  by  an  attentive  study  of  the  Triassic  rocks  of  the  Southern 
Tyrol.  From  most  of  these  great  quantities  of  agglomerates,  tufla 
Bud  ashes  were  ejected,  which  have  formed  immense  deposits  in  the 
midst  of  the  Triassic  series,  and  from  most  of  them  lava  either  of  the 
type  of  augite-porphyry  or  melaphyro  also  flowed.  Two  of  these 
centres  of  eruption,  however,  those  of  Predazzo  and  Monzoni,  are  of 
especial  interest,  from  the  numerous  and  interesting  varieties  of 
igneous  rocks  which  they  poured  forth,  The  name  of  "crater," 
which  has  been  applied  to  some  of  the  centres  of  eruption  by  Richt- 
hofen, is  an  unfortunate  and  misleading  one,  for  nothing  can  be 
more  certain  than  that  the  different  cones  and  craters  have  had  their 
original  forms  entirely  destroyed  by  denudation,  and  that  the  remark- 
able cup-shaped  arrangement  presented  by  the  strata  around  each  of 
these  points  of  volcanic  action  is  due,  as  we  shall  hereafter  see,  to  a 
totally  different  cause  from  the  explosive  action  that  forms  true 
volcanic  craters. 

The  period  of  the  formation  of  these  several  volcanic  vents  is  that 
of  the  Upper  Trias.  This  was  conclusively  shown  by  Richthofen, 
whose  well-known  work  on  the  district,  published  in  1858,  was  the 
result  of  many  yeara  of  patient  study,  and  will  hold  its  place  (how- 
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ever  mucli  aome  of  \\a  minor  concluBions  may  be  modified  by  later 
investigations)  aa  one  of  the  most  romarknble  and  valuable  of  geolo- 
gical monograpliB.  A  more  recent  and  very  able  invcatigator  of  the 
district,  Dr.  Doelter  of  "Vienna,  finds  evidence  ivhich  leads  him  to 
refer  all  the  eruptions  of  the  area  to  that  portion  of  the  Upper  Trias 
known  as  the  "  Wengener  Schiohten." 

Among  the  several  varieties  of  volcanic  rocks  produced  at  the 
two  iiitercBting  vents  of  Prodazzo  nnd  Monzoni,  a  definite  order  of 
appearance  has  been  recognized  by  all  geologists  who  have  inves- 
tigated the  Bubjeot.     This  sucoesaion  is  as  follows  : — 

1.  Monzonite,  including  under  tbis  name  the  Hyperstbene  and  Dial- 

lage  rocks,  the  Diabase  or  Pyroxene  Monzonite,  the  Uonzooi- 
or  Augite -syenite,  and  the  Amphibolc  I\fonzonite. 

2.  Tourmaline -granite. 

3.  Melapbyre,  with  Angi to- porphyry,   TJralito   porphyry,   and  the 

tuffs  associated  with  those  several  rocks. 

4.  Orthoclase  porphyry  {porphyrites  and  syenite -porphyry  of  Bicht- 

hofen). 

It  will  be  interesting  to  notice,  in  the  first  place,  ihe  nature  and 
Gompi.>sition,  both  chemical  and  mineral ogical,  of  those  several  volcanic 
products  ;  then  to  point  out  the  relations  to  one  another  and  to  tJie 
sedimentary  rooks  of  the  masses  which  they  constitute  ;  and  lastly 
to  seek  to  determine  the  exact  conditions  under  which  tlioy  were 
foruiod. 

The  Monzonite,  which  was  known  to  the  older  writers  on  geology 
as  "  the  granite  of  Fredazzo,"  is  a  rock  of  unmistakably  granitic 
structure,  although  its  volcanic  origin  is  also  equally  clear  and  in- 
disputable. Under  the  general  term  have  been  included  the  two 
rocks  distinguished  by  £ichthofen  as  Monzoni -syenite  and  Hyper- 
sthene-rock,  by  Tschermak  as  Monzoni -syenite  and  Diabase,  by  vom 
Katb  as  Augite- syenite  and  Diabase,  and  by  Doelter  as  Pyrorene- 
Monzonito  and  Amphibolo-Monzonite. 

The  Monzonite  would  appear  never  to  contain  free  quartz,  but  it 
seems  to  me,  from  the  examination  which  I  made  of  the  celebrated 
mountain  of  Monzoni,  to  present  every  gradation  between  a  rock  of 
decidedly  acid  character  on  the  one  band  to  one  of  (ha  most 
eminently  basic  description  on  the  other.  Sometimes  it  is  found 
to  cousist  almost  entirely  of  an  aggregate  of  orthoclase  crystals, 
with  a  small  quantity  of  a  plagioclase  felspar,  of  biotits  and  of  a 
pyroxenic  constituent.  It  is  a  singular  circumstance  that  the  last- 
mentioned  ingredient  presents  some  very  remarkable  peculiarities 
of  character,  that  render  it  very  difficult  to  determine  its  exact 
nature.  Tschermak  regards  it  aa  a  liorMenie,  while  vom  Bath 
couaiders  it  to  be  an  augite,  and  in  consequence  calls  the  rock 
"  augite- syenite." 

In  other  varieties  of  the  rock,  however,  we  find  the  orthoclase 
occupying  a  gradually  less  conspicuous  place,  and  finally  disappear- 
ing altogether ;  while  the  plagioclase  felspar  (usually  Ubradorite), 
the  biotite  and  the  pyroxenic  constituent  (which  in.  the  more  basic 
varietieB  of  the  rook,  though  i^^ocded  at  fint  by  both  De  Ijapparent 
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ind  Des  Clciseaax  as  a  liomblende,  is  now  protty  generally  accepted 
as  augite),  constitute  tbo  whole  mass.  Sometimes  the  augitc  is 
replaced  by  diallsge  or  bypersthene,  and  occftsionally  the  felepathic 
ingrcdienl  almost  whoUy  disiippears,  and  we  have  an  augite-, 
dialiage-,  or  Lyperathene-rock. 

In  LUaslration  of  the  ultimate  oomposition  of  the  varieties  of  the 
oelebrated  Mouzoni to-rock,  we  may  cite  the  following  analyses; — 

m 


(1) 

(3) 

Silicn  _    .„    _ 

„    68-06 

fiO-80 

Almnins 

._     17-71 

18-20        ... 

Peroiids  of  Iran 

pTDloude  of  Iron 

Z      8-29 

1?37        Z. 

Uma  .„    _^    ™ 

„,.      6-81 

lO-OO 

H*^«U  _    ... 

_      2-OT 

3-fi3         _ 

IW«dL.„      _      _ 

._      3-24 

1    S-BO 

Sod« ,„. 

„      2-B8 

Wftto. 

...      1-M 

„. 

1-20        ... 

Tolals  ...,    „    „..    09-49  100-00  QD-93 

{I)  ii  Hie  ■iuil}-i'u  of  a  typical  Moaznni-«jemt«  (Angitf-sfenite  of  torn  Ruth)  bj 

Eiemlf.     Tha  specimen  nas  otitaincd  from  tlie  Mur^ola  noar  PreidazKo. 
(!)  una  (S)  urt  anulj^oL  of  nmrt  haeic  rusks  (ciiubasu  or  pyroxene- Mooeonitc)  of 

ihe  Cnni.'ifiili  ntar  Pipd.iizo.     (2)  is  iin  nuidyiiiH  bj  LcUealo;   (3)  by  Eonya, 

u  given  bj  TaciiennaiE, 
The  "  Tourmaline-granite  "  is,  like  the  Monzonite,  a  root  of  fxuly 
granitic  stmcture,  although  now  universally  regarded  as  of  volcanic 
origin.  It  is  a  well-marked  granite  of  a  red  colour  made  up  of 
or£oclase  of  a  more  or  less  deep  pink  tint,  white  ot  greenish  plagio- 
close,  grey  quartz  and  biotite.  But  in  addition  to  these  minerals 
we  find,  and  generally  In  association  with  the  quartz,  considerable 
qnantities  of  tourmaline,  forming  masses  of  radiating  crystals  some- 
timee  of  lai^e  size.  The  drusy  cavities,  which  sometimes  occur  in 
the  rock,  frequently  contain  various  beautifully  crystallized  minerals. 
The  following  analysis  of  the  Tourmaline-granite  of  the  Mulatto 
Dear  Predazzo,  which  was  made  by  Kjerulf,  will  serve  to  illustrate 
its  ultimate  composition : — 

SiUcft -    ..._    ...-    70-73 

Alnmina       -_    ._ 14-16 

Feroiideof  Iron ....    ....    3-59 

Lime ._    __    ._      1-03 

Hagneaia      .....    „.,    „    _ 0-66 

PotMh  ...-     ...,    „ S-37 

Soda     _.. ^..      2-54 

LoM     ....     ....    _ _..      1-10 

Total     _ 9fl-2* 

Tschermak  regards  this  rock  as  essentially  composed  of  30  per 
cent,  of  Quartz,  32  of  Orthoolase,  27  of  Oligoclase,  and  10  of 
Tourmaline. 

The  next  roots,  taken  in  the  order  of  their  appearance,  are  those 
which  von  Buch  and  the  earlier  writers  spoke  of  as  black -porphyries 
and  basalts ;  they  are  now  classed  as  Melaphyres,  Augite-porphyries 
and  Uxalite -porphyries.  The  so-called  Melaphyres  consist  princi- 
pally of  plagioolase  felspar  with  occasionally  a  little  orthoolase,  augite, 
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olrriiM  (nmlhiB  s  Btadiattsred ocaditioit)  and  tuignetit 
tm  the  gnaadtX  fhnr  age,  than  i^pean  to  be  ao  naaoti  whatevir 
fat  nmtningAem  frotn  the  baaitta.  SooMliiDes  the  roek  heoomm 
porphjritie  in  abactoRS  from  tiw  difiniatL  tiinxigli  it  of  Isige 
plagiocbae  ajslala ;  at  otlter  disM  die  iriiols  maaa  beoomes  ooanely 
gnnolar,  and  has  been  ebaed  as  a  diabaa^  thon^  it  sbooU  prob- 
ablj  be  moie  pnipedy  called  a  dolente.  When  the  rock  eontaina 
large  cryatala  ac  angite  watteicd  tbroogh  it,  it  beoomes  an  aogite- 
forphyry,  and  ivhere  (throng  altentum,  aa  Tscbermak  ahows)  these 
aogice  crystala  [maent  the  UnKte  modification,  the  rock  passes  into 
nralite-poiphjij.  All  t&eae  banc  locka  graduate  into  one  aaoUier, 
they  freqaentlyaeanie  an  amjgdalotdal  atroctore,  and  are  associated 
with  eooniUKia  mann  of  ag^aterates,  toffs  and  ashes  of  similar 
compORtion.  The  cbenucal  oonatitolioD  of  these  rocks  is  illustrated 
by  the  following  mean  analjaes  aa  calculated  by  Tscfaermak  Crom  the 
closely  q>|iTOTimBting  reaalts  airived  at  by  a  number  of  difierent 
ehemiabt. 

Jtiiipifnt.  AafiU-firpkyria. 

Silica  _        _        _        _        SS-ftl  __        „  *9-78 

Alimma         _         _        _        17-0*  _        -_  lfl-8» 

PiMoxidc  «t  Iron     _       _       ll-N  _       _  11-4T 

_        _        _  8-27  _        _  UN4 


r««nh  _        _        _  3-48  _        _  «-S5 

SoAm  _        _        _  2-56  _.        „  2-05 

100-00  100-00 

Of  still  younger  date  than  the  Ijasaltio  rocks  jiut  deacribed  are 
others  of  restricted  distributioii,  which  Richthofen  called  Syenite- 
porphyry  and  Porphyrite,  but  which  are  by  Dr.  Doelter  olassed  aa 
Orthoclase-porphyry.  They  are  coarse-grained  rocks  of  porphyritic, 
occasionally  approaching  to  granitio  stmctore,  consistiag  of  a  granu- 
lar or  felsidc  base  in  which  twinned  crystals  of  red  orthoclaae,  with 
hornblende  and  magnetite,  are  scattered.  This  rock,  like  portions 
of  the  Quartz- porphyry  of  Botzen,  often  contains  considerable  quan- 
tities of  the  mineral  of  the  pinite  group  known  aa  Lieboerite.  Wo 
subjoin  the  following  analysis  by  Kjemlf  in  illustration  of  the  ulti- 
mate composition  of  the  Orthoclase  porphyrtcB  : 

SlUca       ™       ^ --       ™       59-17 

AJamiiui  „,        _        .....        _„.        19'T6 

Protoxide  of  Iron  _..        I-7I 

Lime         ...„        _„.___  3'92 

Magnesia  ...^        __        0'40 

Potash      „_        .....        ™        _„        „  4-03 

Soda „  3-o4 

Water,  Carbonic  Acid,  ct«.        _        ...  8-84 


We  have  dwelt  at  considerable  length  on  the  petrological  cha- 
racters of  these  oH  volcanic  maseea  of  the  Southern  Tyrol,  because  of 
the  great  amoimt  of  attention  which  they  have  attracted  among 
geologists  ever  since  the  days  of  Von  Buch,  and  the  lively  discns- 
sions  of  which  they  have  been  the  subject    They  are  interesting 
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J,  as  i>re6euting  us  with  rook-masHea  of  the  most  perfeotlj  granitio 
flcture,  of  which  the  volcanic  origiu  is  certainly  not  open  to 
ibt ;  this  will  at  once  appear  when  we  come  to  notice  tbeir  rela- 
la  to  the  sedimeatar;  rocks  ;  1  am  not  indeed  aware  that  (he  fact 
1  been  ever  disputed  by  any  competent  obserrer.  We  will  now 
need  to  notice  some  of  the  more  salient  featuroe  of  the  structure 
1  relations  of  these  igneous  rocks,  which  serve  to  throw  light  on 
\  qnestiona  of  their  age  and  mode  of  fonnaliou. 
As  already  mentioned,  the  whole  of  the  smaller  and  scattered 
Icanic  owtbtirsts  in  the  Sonthem  Tyrol  took  place  during  the 
riod  of  the  Upper  Trias.  This  is  proved  in  the  most  conclusive 
inner,  by  the  way  in  which  the  igneous  rocks  are  only  found 
rusive  among  the  lower  members  of  tlio  formation,  while  their 
Is  are  interatratificd  with  thp  be'ls  of  ilsi  hii^Iior  members.  Ac- 
rdis^  to  Dr.  Doelter's  most  recent  refiearohes,  as  we  have  before 
inted  ont,  all  the  emptiona  most  have  taken  place  during  Hm 
riod  of  the  formation  of  the  "Wengener  Sohichten."  In  the 
-trict  which  denadation  has  exposed  to  onr  stady,  Tre  find,  as 
eady  remarked,  a  number  of  different  oeatres  of  eraption,  moat 
which  however  have  only  prodnoed  rooka  of  banltio  oharaoter, 
ilaphyres  with  Angite-  and  Uralite-porphyries.  Bat  two  of  these 
itcea  of  eruption  are  of  larger  size  and  more  complex  structure, 
t  of  Predazzo  having  emitted  the  whole  of  the  interesting  varietiea 
rocks  we  have  noticed  in  the  preceding  pages,  and  that  of  Mon- 
li  all  except  the  tourmaline-granite. 

rhe  Mouzonite  rises  in  great  intrusive  masses  through  the  midst 
,ho  limestones  and  other  rocks  of  the  district,  which  assume,  for  a 
siderable  distance  around,  a  highly  crystalline  character.  Some- 
es,  as  at  Monzoni,  vast  masses  of  the  metamorphosed  limestone 
seen  to  be  actually  entangled  and  inclosed  in  the  midst  of  the 
eons  rock.  Concerning  the  relations  of  the  two  varietiea  of 
nzonit«  to  one  another,  very  various  opinions  have  been  expressed 
different  observers.  Kichthofen  regarded  the  more  basic  portiona 
the  rock,  to  which  he  gave  the  name  of  "  hyperathene-rock,"  as 
ffereing  the  Monzoni -syenite,  which  oonstitut«8  the  larger  part  of 
mass,  in  veins.  But  although  such  veins  of  the  basic  variety  of 
rock  do  occur  traversing  the  more  acid  kind,  as  is  well  seen  in 
Mai^la  near  Predazzo,  yet  the  observations  of  Dr.  Doelter 
jn  Monzoni  would  appear  to  lead  to  the  conclusion  that  the  great 
sses  of  rook  with  plagioolase  felspar  are  not  sharply  divided 
m  those  in  which  orthoclase  is  the  predominant  constituent. 
leed,  as  I  have  before  observed,  it  is  possible  to  find  at  Monzoni 
;ry  possible  gradation,  from  the  most  acid  to  the  most  basic  variety 
the  rock. 

rhe  Tourmaline-granite,  which  la  aeen  only  near  Predazzo,  also 
»  in  great  intrusive  masses,  which  traverse  the  Monzonite,  and 
id  off  veins  into  it ;  so  that  there  can  be  no  doubt  as  to  the  more 
ent  date  of  its  eruption. 

rhe  Augite-porphyry,  Dralite- porphyry,  and  Helaphyre  consti- 
e  intrusive  masses  rising  through  the  Monzonite  and  the  Tourma- 
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line-granite  and  giving  off  veiiu  wfaiob  trtTerie  both  of  tltesB  rooks. 
These  baaaltio  rooks  sre,  aa  already  stated,  fay  fkr  11m  moat  widely 
distributed  prodoota  of  the  Toloanio  ejadioDS  of  tlie  Trios  period  in 
the  Soathem  l^rol,  and  are  found  at  all  the  oeatna  of  sniptioB. 

Tlie  last-formed  of  these  Triassic  valosnio  rooks  ara  tha  poiphyrite 
and  syenite- porphyry  of  Hiohthofen  (the  orthodaae-poijilqF^  of  Dr. 
Doelter),  whioh,  however,  only  oooon  in  the  form  of  TVns  travers- 
ing all  the  other  rooks,  hut  doea  not  oonstitnte  any  ocRuaderabla- 
proportion  of  the  intrueive  masses. 

From  the  peculiar  arraiigemeiit  a&eoted  by  the  stratified  rocks 
around  the  iHffeTent  oentres  of  emption,  BichtiwfBn,  •■  we  have 
already  seen,  applied  to  them  the  name  of  "  oraten."  It  mnt,  how- 
ever, be  clear  to  eveiy  one  who  oarefnlly  ezaminea  the  question 
that  the  aotoal  voloanio  oones,  and  therefore  the  cntan  Qtaniaelves, 
must  have  been  destroyed  by  denudation  before  the  depoaition  of  the 
highest  beds  of  the  Tnas.  It  seems  to  be  oertain,  ftom  an  examina- 
tion of  the  tu£b  prodnoed  by  them,  that  the  emptioBS  of  &ia  period 
must  have  taken  place  under  the  waters  of  a  comparatively  aballow 
sea,  and  that  the  cones,  aa  they  were  built  up.  gradnally  roae  to  fli» 
surface,  when  (as  in  the  well  known  osae  of  Qtabam'a  lala)  tliey 
would  be  gradually  destroyed,  and  th^  materials  distribuled  Bj  the 
waves.  Near  the  oentres  of  eruption  we  find  the  ooarseat  agglomeratea 
containing  bombs  and  ejected  massea  of  the  enrronnding  ■edinwaitary 
rocks ;  but  as  we  recede  irom  these  oentres  the  ejected  mateziala  beoome 
of  gradually  finer  character,  and  more  mingled  with  aqneona  aedimentG. 
In  the  latter  condition  they  are  oft«n  seen  to  be  crowded  with  the 
beautiful  fossils  of  the  St  Caseian  series,  and  alternate  with  other 
beds  of  the  "Wengener  Sohicbten." 

Although  it  cannot  be  proved  that  the  Monzonite-rook  and  the 
Tonrmaline  granite  actually  reached  the  surface,  yet  it  is  in  the 
highest  degree  probable  that  they  did  so.  They  certainly  oonld 
nut  have  formed  extensive  lava-streams,  nor  have  given  rise  to  any 
great  quantity  of  tuffs  by  explosive  action  ;  indeed  we  are  unable  to 
ileterraine  exactly  the  form  which  these  particular  granitic  rocks 
would  assume  on  reaching  the  surface.  Their  ocmposition  is,  how- 
ever, identical  with  that  of  certain  sani  dine -trachyte  and  andesitio 
Iatbb.  Probably,  after  the  manner  of  many  lavaa  of  this  class  (such 
as  the  Domites  of  the  Auvergne),  they  constituted  very  imperfectly 
liquid  masses,  which  quietly  welled  forth,  forming  dome-sbi^ed  hills, 
the  extrusion  of  wbiah  was  accompanied  by  but  little  explosive 
action. 

Vary  different,  however,  must  have  been  the  phenomena  attending 
he  eruption  of  the  more  basic  rooks,— the  so-called  melaphyres, 

I  aftgite- porphyries,  and  nralito-porphyries.  Not  only  do  these  appear 
to  have  fiowed  from  the  igneous  centres  in  lava-streama  of  oonsider- 
^le  length  and  diickness,  but  the  explosions  whioh  aooompanied 
tlieni  certainly  gave  rise  to  the  formation  of  the  most  prodigious 
quantities  of  scorite  and  ashes.  From  the  study  of  these  vast  deposits 
9<B  obtain  the  clearest  insight  into  the  conditiona  under  which  the 
vcilcuniu  oiitbiirfitij  to  whioh  they  owed  their  origin  must  have  taken 
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.  An  interesting  ciretinistance  with  regard  tfl  tbo  relations  between 
Iwe  great  iDtnisive  masses,  which  formed  the  centres  of  old  TriasRio 
Ddoanos,  and  the  sedimentary  rooks  by  which  ihoy  are  surrouuded, 
wiB  first  pointed  oat  by  Leopold  von  Buch,  and  regarded  by  him  aB 
beiog  altogether  inexplicable,  as  indeed,  if  his  theory  of  "  elevation- 
OTters"  were  true,  it  cerlaiuly  would  bo.  This  is  the  constant 
dipping  of  the  stratified  rovks  nrouad  the  dificrent  igneous  centres, 
lot  aicay  from  them,  as  we  might  at  first  hb  led  to  iraagino  would 
le  the  case,  bat  toiearda  tltcm.  This  fact  ia  very  clearly  exemplified 
tt  Predazzo,  as  the  accompanying  Bection,  which  has  been  derived 
from  one  of  those  published  by  Kichthofen,  will  show ;  and  it  was 
i1h>  very  clearly  represented  in  the  earliest  sections  of  the  district 
pwn  by  veu  Buch  hiraaelf. 


<  Boteen  porphjij  (Permian).  <  Monioni-sjenile  with  "  diabuse''  vaiii!). 

h  Lower  TriBg,      \  /  Tonrroaline  giaoite. 

t  Middle  Trisa.     J  Sedimentary  roclu.  g  Melaphyre. 

d  Upper  Trias.  J 
That  these  singnlnr  cup-shaped  depressions  of  the  strata  around 
Mdi  of  the  volcanic  centres  in  the  Southern  Tyrol  can  have  no 
claim  whatever  to  be  called  "  craters,"  in  the  ordinary  sense  in  which 
geiJogiatB  use  that  term,  wo  have  already  remarked.  The  true 
ezplanatiMi  of  the  phenomena  pr<'Bent«d  by  them  is  to  be  found  in 
>  fact,  first  point«d  out  by  Darwin,  but  of  which  illustrations  havo 
since  been  found  in  man^  widely  separated  volcanic  districts — namely, 
that  the  ejection  of  volcanio  materials  at  any  point  is  liable  to  be 
followed  by  snbsidenoe  of  the  rooks  around  it,  I  have  elsewhere 
shown  how  very  frequently  this  kind  of  action  takee  place,  and  what 
beootifial  illnstratiuns  we  have  of  it  even  in  our  own  islands.  From 
my  stndy  of  the  rooks  of  the  Southern  T3-rol  it  appearB  to  me  to  be 
perfectly  dear  that,  after  the  cessation  of  volcanio  activity  at  th» 
nnmeroas  small  centres  of  eruption,  the  central  mass  must,  in  almost 
every  inetanoe,  have  subsided  l>efore  the  denuded  niins  of  these  old 
mlcaDOB  were  buried  rnider  the  later  deposits- 

Perhape,  however,  the  most  interesting  circumstance  of  all  con- 
iieat«d  with  these  old  volcanic  outbarstc  is  the  insight  which  th^ 
afibtd  as  to  tl>e  mode  of  origin  of  those  beantifutly  crystallized 
budwbIb  whldi  are  so  frequently  ejected  from  the  craters  of  active 
volcanoB,  like  Tesavins,  or  are  found  among  the  agglomerates  and 
tab  of  extinct  ones  hke  the  Laaoher  See.  There  is  probably  no 
locality  in  the  whole  world  wMoh  has  yielded  so  Wrge  aTLQm\i«T  "A 
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mineral  species  aa  the  flaiiks  of  Vesuvius  and  the  clifis  of  SommA  : 
and  as  second  only  to  it  we  may  probably  rank  the  mountain  of 
Monzoni.  Strange  to  say,  the  species  and  varieties  of  minerals 
found  at  these  two  localities  havo  very  much  in  commoE.  This 
vrill  be  olear  to  any  one  who  is  acquainted  with  the  ordinary  Vesuvian 
miiicrala,  and  will  compare  the  following  list  of  those  whioh  have 
been  obtained  at  Monzoui. 


HIKSBJU.S  0 

MOXJONI. 

•Augite. 

ticeUi^ 

MOD- 

"Vnrhanierile. 

Bahlile  [PvTgom). 

tGjrmnite. 

Annite. 

Zircon. 

•tSpinrf. 
Pfwmarte. 

■Titamle. 

Prehnite. 

Ce)landit8. 

ChabasitB. 

tVeBuvian. 

Laomoaite. 

fGnblenits. 

Thonuonito  fComptonilo) 

Mien. 

Apatite. 

•tBiotite. 

+Bmci». 

•Wol!i«t(mite. 

Qiiarta. 

Ortbodow  (Adnlari*) 

Calcite. 

Anorthite. 

•Magoetite. 

&p«cular  Iron. 

•Brimdiaite. 

Iron  Pvrile*. 

flrnpolite. 

Copier  Prritci. 

The  species  marked  ^  are  most  usually  found  in  oonoeotion  with 
the  more  basic  varieties  of  the  Monzonite,  those  with  the  f  more 
commonly  occur  near  the  acid  varieties  of  the  rock. 

At  first  sight,  no  localities  would  appear  to  offer  greater  points 
of  dissimilarity  than  the  lava  slopes  of  Vesuvius  and  the  dark  TUj^;ed 
granitic  mass  which  rises  in  the  very  heart  of  the  brilliant  white 
pinQocles  of  the  far-famed  Dolomite  Uouutains  ;  and  yet,  as  we  shall 
proceed  to  show,  there  is  much  in  common  between  them,  and  only 
a  slight  examination  of  the  question  will  be  necessaiy  to  convince 
tho  observer  that  the  beautifully  crystallized  minerals  have  in  both 
cases  been  formed  under  identioal  conditions. 

The  interesting  minerals  of  Vesavius  are  found,  as  every  minera- 
logist is  aware,  by  breaking  up  the  blocks  of  limestone  (which  have 
been  blown  from  the  crater,  especially  during  certain  eruptions,  or 
which  are  found  in  the  agglomerates  of  Somma,  the  products  of 
older  outbursts),  and  the  crystallized  minerals  are  seen  lining  their 
cavities. 

The  volcano  of  Vesavius  has  been  opened  through  the  midst  of 
masses  of  Subapennine-limestone,  and  it  is  in  the  metamorphosed 
fragments  of  the  rook,  evidently  torn  from  the  sides  of  the  vent,  that  the 
minerals  in  question  are  found.  The  formation  of  these  minetuls  is 
clearly  due  to  the  contact  of  masses  of  igneous  rook,  ofaarged  with 
imprisoned  water  and  various  gases,  with  the  masses  of  limestone 
they  have  penetrated,  and  to  tlie  play  of  those  chemical  and  orj'stal- 
Uziag  foToeB,  which  under  these  remarkable  oonditiona  are  called 
into  being. 
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Now  the  exqaisite  products  which  Nature  has,  at  Vesuvius,  ex- 
ported from  below  and  duly  delivered  at  the  surface,  by  the  trans- 
porting power  of  steam;  may  be  examined  by  us  at  Monzoni,  still 
lying  in  the  workshop  in  which  they  were  elaborated.  In  the  case  of 
Vesuvius,  volcanic  explosions  have  brought  the  minerals  to  us,  but 
in  that  of  Monzoni  denudation  has  enabled  us  to  penetrate  to  their 
birthplace ;  and  in  the  very  heart  of  this  old  volcano,  now  cold  and 
dead,  the  geologist  may  study  the  products  of  operations  similar 
to  those  which  are  doubtless  taking  place,  far  below  the  surface,  in 
the  case  of  vents  which  we  still  see  in  activity  around  us. 

The  various  localities  for  the  beautifully  crystallized  minerals  of 
Monzoni  all  appear  to  be  situated  at  the  junction  of  the  igneous 
rocks  with  the  limestone  masses,  through  which  they  have  burst  or 
which  are  in  some  cases  entangled  in  them.  It  has  also  been  shown, 
as  indeed  we  might  have  anticipated,  that  the  species  of  mineraLs 
produced  at  the  planes  of  contact  of  the  limestone  with  the  more 
basic  igneous  rocks  (hypersthene  and  diallage  rock,  diabase  or 
pyroxene  monzonite)  are  different  from  those  which  have  originated 
at  the  junction  surfaces  of  the  more  acid  rocks  (the  Monzoni-  or 
augite-syenite).  We  have  indicated  in  our  list  of  minerals  those 
which  are  usually  found  near  the  masses  of  basic  rock,  and  such  as 
occur  in  proximity  to  the  more  acid  ones  respectively. 

In  not  a  few  cases,  as  might  be  expected  from  the  great  age  of  the 
deposits  in  which  they  lie,  and  the  vast  series  of  changes  to  which 
they  have  been  subjected,  some  of  the  minerals  have  been  converted 
into  pseudomorphs.  And  on  the  same  ground  we  may  easily  account 
for  the  absence  of  all  those  more  unstable  mineral  products  which 
are  found  at  Vesuvius  and  other  active  volcanic  vents.  We  have  the 
clearest  proof  that  the  volcano  of  Monzoni,  and  the  other  contem- 
poraneous ones  of  the  Southern  Tyrol,  have  gone  through  a  precisely 
similar  series  of  changes  to  that  which  has  befallen  our  own  old 
volcano  of  Arthur's  Seat,  and  many  similar  ones  in  Central  Scotland, — 
namely,  that  they  have  first  been  buried  under  many  thousands  of 
feet  of  younger  strata,  and  that  subsequently,  by  the  upheaval  and 
denudation  of  these,  they  have  been  once  more  exposed  to  view  at 
the  surface.  To  a  recently  published  memoir  of  vom  Rath  we  are 
indebted  for  much  new  and  most  valuable  information  concerning 
the  nature  and  mode  of  origin  of  the  minerals  of  Monzoni.  I  need 
not  in  this  place  do  more  than  refer  to  the  similarities  of  the 
varieties  and  manner  of  occurrence  of  these  beautiful  minerals  of 
the  Tyrol  with  those  which  I  have  described  as  occurring  among 
the  ancient  volcanos  of  the  Highlands. 

We  have  now  shown  how,  through  the  accidental  removal  by 
denudation  of  the  overlying  rocks  of  the  Southern  Tyrol,  the  fact 
has  been  revealed  to  us  that  during  the  Permian  period  enormous 
masses  of  volcanic  rock  (identical  in  character  with  the  modem 
Liparites  and  Dacites)  were  erupted  along  a  line  nearly  coincident 
with  that  of  the  subsequently  formed  Alpine  Chain  ;  and  that  these 
grand  outbursts — which  led  to  the  formation  of  volcanic  mountains 
at  least  8000'  to  9000  feet  in  height — were  followed  ai\«t  axi  YQ\«tNt2L 
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,  by  the  opening  of  a  Dumber  of  Bporftdio  vents  in  the  suae  district. 
We  ba-ve  also  pointed  out  that  both  to  the  eastward  and  westward 
of  the  region  which  we  have  been  more  particularly  desoribiDg,  and 
evidently  constituting  part  of  tlie  same  linear  series  of  oontempo- 
raneoUM  eruption,  we  find,  wherever  the  Buperinoumbent  rocke  have 
been  removed  by  denudation,  similar  evidencea  of  volcanic  action 
taking  place  prior  to  the  foruutioD  of  the  Alpine  system. 

In  concluding  this  chapter  we  ahal!  euuinerate  and  very  briefly 
describe  the  principal  eiposurea  of  the  products  of  this  old  line  of 
volcanic  action. 

On  the  shores  of  the  Lake  of  Lngano  there  occurs  a  tract  occapied 
by  igneous  rocks,  which  are  shown,  by  their  relations  to  the  seit- 
mentary  masses  of  the  district,  to  have  been  erupted  after  a  portion  of 
the  Permian  strata  were  deposited,  and  before  the  great  mass  of  the 
Triaesio  rocks  were  formed.  These  igneous  rocks  appear  to  consist 
of  great  masses  of  quarta-porphyry,  very  similar  to  thut  of  Botzen, 
with  smaller  and  subordinate  outbursts  of  porphyrite  and  melaphyre. 
Some  masses  of  truly  granitic  rock  appear  in  the  same  district,  which 
may  also  iwrhaps  belong  to  the  same  age.  The  general  resemblance 
of  these  rooks  of  Lugano  and  Tioino  with  those  of  tlie  Southern 
Tyrol  is  very  striking  ;  and,  were  we  able  to  remove  tho  mossps  of 
younger  strata  which  cover  almost  the  entire  country  between  these 
two  diatricts,  we  should  probably  find  the  two  areas  of  igneous  rocks 
la  be  parts  of  the  some  continuous  series.  Indeed,  at  more  than 
a  dozen  inlermediate  points,  the  widely-aprcnd  Permian  quftrtK- 
pnrphyries  have  been  detected  in  the  bottoms  of  deep  valleys,  and 
wtterever  the  newer  rocks  have  been  cut  through  by  denndatiOD. 

Passing  eattward  from  the  grand  exposures  of  the  pre-Alpine 
volcanic  rocks,  we  find  them  again  making  their  appearance  in  the 
country  about  Baibl  in  Carinthia.  The  beautiful  red  quartz-poiphjry 
of  this  locality  (oontaining  76  per  oent.  of  silica)  is  associated  with 
volcanic  tnfls,  and  rooks  of  more  basic  character;  there  is  the 
clearest  evidence  that  these  rooks  were  erupted  at  the  some  periofl  as 
those  of  the  Southern  l^rol  and  Lugano,  Isolated  exposures  of  the 
same  rocks  have  also  been  detected  at  a  number  of  other  points  in 
Caiinthia. 

Still  farther  in  the  same  direction,  and  where  the  Alpine  chain  sends 
off  its  two  great  eastern  hnmches,  namely,  the  Carpathians  stretching 
to  the  north-east,  and  the  Julian  Alps  extending  towards  the  south- 
east, we  find  masses  of  eruptive  rock  of  the  same  age  as  those  we 
have  been  noticing.  Such  are  the  various  igneous  masses  of  the 
Island  of  Lissa  and  other  points  in  Dalmatio,  and  the  melaphyrea  of 
Waag,  which  are  of  Permian  age,  with  others  at  several  points  in 
the  Carpathians  and  Transylvania,  which  were  erupted  at  intervals 
during  the  Trias  and  part  of  the  Lias  period.  The  ooourrenoe  of  all 
these  igneous  masses  would  seem  to  indicate  that,  not  only  was  there 
made  manifest  at  the  close  of  the  Permian  epooh  the  existence  of  a 
line  of  weakness  in  the  earth's  crust,  nearly  coincident  with  the  great 
central  Alpine  mass,  but  that  the  prinoipol  fractures  radiating  from 
it  must  have  been  already  even  at  this  early  period  detsrmined. 
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_  In  seTBral  future  cbaptera  we  shall  emloavour  to  trace  tie  succas- 
■sive  manifeatatioiis  of  the  volcanic  forces  in  the  anme  area,  and  to 
show  their  relations  to  the  tremendous  enhibitions  of  force  result- 
ing in  those  grand  movements  by  which  the  Alpine  rocks  have 
acquired  their  prosont  positions  and  relations. 

P-S. — I  am  indebted  to  my  friend,  Prof,  vom  Rath  of  Bonn,  for 
calluag  my  attention  to  an  error  into  which  I  have  fallen  in  the  last 
diapter  of  this  geries.  On  page  54,  I  have  claased  the  gaseous  ex- 
halations of  the  Biiilos  Hegy  in  Tranajlvania  wilh  those  of  the 
SoMatara,  as  bB^^ng  an  elevated  temperature.  This  is  not  the  case, 
however,  the  gas  evolved  at  the  former  locality  having  the  sam« 
temperature  as  tbe  surrounding  atmosphere, 

(T.<  ii  coati'md.) 
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KoBrBon  HuuapuutE. 

fij  Hbhki  Hicki,  F.Q.S. 
(^OmliiHudfrUm  pag*  ISO.) 
Upper  Silurian. — At  the  close  of  the  Lower  Silurian,  as  already 
stated,  changea  of  considerable  importance  took  place  in  some  of  tbe 
areas  which  had  undergone  depression.  The  sea-bottom  was  now 
raised  in  parts  of  Western  Europe,  and  in  North  America,  and  islands 
of  some  extent  formed.  In  Europe  the  most  important  were  those  in 
\orth  Wales,  Shropshire,  Cumberland,  the  South  of  Scotland,  and  in 
Nassau.  It  is  probable  also  that  one  or  more  extended  along  Sonthera 
Enrope,  from  Portugal  into  Spain,  etc.,  but  the  evidence  concerning 
this  is  as  yet  imperfect.  In  Amerloa,  according  to  Logan,  Dana,  etc., 
the  principal  parts  raised  at  this  time  were  the  Green  Mountain 
r^ons,  and  the  ridge  extending  from  Lake  Erie  over  Cincinnati  into 
Tennessee.  These  American  ridges  appear  to  have  been  raised  to  a 
great  height,  and  to  have  remained  afterwards  in  part  dry  land, 
even  to  the  dose  of  the  PalaKaoic.  The  islands  in  Europe  were 
raised  only  to  a  small  height  above  water-level,  and  were  probably 
all  again  submerged  by  the  close  of  the  Upper  Silurian.  The  up- 
lifting did  not  take  place  in  Britain  until  after  the  close  of  the  Biua 
period,  or  after  the  Upper  Bala  Limestone  had  been  formed  over  the 
British  area.  The  changes  may  be  said,  therefore,  to  have  taken 
place  when  the  Lower  Llandovery  rooks  were  being  deposited  over 
the  parts  still  snbmerged.  The  uplifting  in  Europe  occurred  chiefly 
in  regions  where  volcanic  action  had  previouHly  taken  place,  and  the 
changes  seem  to  have  been  produced  on  the  whole  rapidly.  For 
inst^ce,  in  Walea  the  upheaval,  and  a  subsequent  depression  of  moat 
of  the  upheaved  parts,  must  have  taken  place  during  the  time  that  the 
Lower  Llandovery  rocks  were  being  deposited  in  the  surrounding 
sea,  for  in  many  places  the  Upper  Llandovery  rocks  may  be  now  seen 
resting  on  the  upturned  edges  of  the  Lower  Silurian  beds.  Again, 
as  the  Lower  Llandovery  rocks  appear  to  have  been  made  up  for  the 
most  part  from  the  denudation  of  these  islaoda,  vt\i«i«  kq  tCau-o.&a.^c'^ 
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of  loOBO  niaMrial  was  ready  at  bund,  it  ia  evident  tLat  the  change 
must  have  heen  on  the  whole  rapid,  and  that  a  depression  of  Ihe 
crust  even  in  those  parts  again  Boon  followed  that  of  elevation.  The 
elevation,  as  already  stated,  occnired  only  over  a  very  small  propor- 
tion of  the  Northern  Hemisphere,  compared  with  that  ia  wbich 
depreBsioa  was  going  on.  The  subsidence  also  in  the  larger  areas 
continued  to  go  on  uninterruptedly  at  this  jwint,  and  we  find 
Iherefore  that  the  beds  which  can  be  considered  iu  any  way  the 
equivalents  of  the  Lower  Llandovery  rocks  of  Wales  in  these  un- 
disturbed areas  are  very  inai^i£cant,  and  usually  have  no  well- 
defined  boundary.'  I  know  that  the  generally  received  opinion  is 
that  these  changes  took  place  very  gradually ;  but  I  think  ihe 
above  evidence  tends  strongly  to  show  that  elevation  as  a  rule  was 
rapid,  compared  with  that  of  depression;  and  I  further  believe 
that  it  was  so  in  all  the  changes  wbich  took  place  tip  to  the  close 
of  the  PaliBOzoio.  The  sediments  wbich  make  up  the  earlier  Upper 
Silurian  rocks  in  the  neighbourhood  of  the  uplifted  parts  are  such 
as  would  result  from  the  denudation  of  these,  and  bence  all  con- 
ditions  may  be  soon  from  those  of  beach  pebbles  to  the  very  fine 
muddy  sediment  deposited  at  a  distance  frum  land.  The  Upper  and 
Lower  Llandovery  rocks  (including  the  May  Hill  Sandstones  tind 
Denbighshire  Grits)  show  this  clearly,  and  any  variation  in  thick- 
nesB  or  in  composition  is  due  to  this  cause.  In  the  parts  v^hich 
reniained  submerged,  as  Pembrokeshire.  Carmarthenshire,  and  prob- 
ably Cardigansbire  in  South  Wales,  the  sediments  fonn  a  con- 
formable series  from  the  Lower  to  the  Upper  Silurian,  whilst  in 
the  immediately  disturbed  areas  an  unconformity  might  be  seen  at 
any  point  up  to  the  close  of  the  Upper  Silurian. 

The  higher  groups  in  the  Upper  Silurian  are  made  up  of  sedi- 
ments, formed  during  periods  in  which  a  gradual  depression  of  the 
sea-bottom  was  generally  taking  place.  In  Britain  they  are  com- 
posed of  an  admixture  of  argillaceous  material  and  of  limestone.  In 
the  immediate  regions  of  the  parts  at  this  time  above  water,  but  little 
limestone  occurs,  the  rocks  being  made  up  almost  entirely  from  the 
denudation  of  these  islands.  In  France  and  Spain  these  groups  are 
scarcely  represented,  but  in  Bohemia,  Norway,  Sweden,  Bussia,  and 
in  parts  of  Asia,  they  are  represented  chiefly  by  limestones.  In 
North  America  by  limestones,  in  the  western  and  undisturbed 
regions,  and  partly  by  schists  and  sandstones  along  the  eastern  areas, 
or  in  the  parts  which  had  been  disturbed  at  the  close  of  the  Lower 
Silurian  (see  Table,  p.  156).  The  Upper  Silurian  period,  therefore, 
was  one  of  continued  and  gradual  subsidence  in  apparently  most 
of  the  European,  and  of  the  North  American,  and  probably  also  of 
the  Asiatic  areas.  The  thickness  of  the  series  varied  of  course  greatly 
ill  different  regions,  and  the  oomposttion  also,  as  we  have  shown,  in 
proportion  to  the  local  changes  which  took  place.     The  lines  of 

'  Ths  (oUairing  factB  caacerning  the  fosails,  kindlT  Doiiiniimicat«d  lo  me  In*  Mr. 
Etheridge,  F.E.8.,  strongly  BUjroort  thie  riew  of  rapid  deposition  for  the  UmdovBry 
rocks.  Of  the  143  apecies  which  occor  in  the  Lower  LlsDdoTny  in  Britain,  IT  only 
can  be  atid  to  be  resmcted  to  that  fomistioii ;  and  of  the  236  speciea  which  hare 
been  lomxd  in  tbe  Uffpei  LUudoTSty,  47  only  ««  f«iiiaUBx  to  tiiat  nrica. 
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depression  reoogmzed  to  have  been  marked  in  Cambrian  times  virera 
not  wholly  obliterated  in  the  Upper  Silurian.  The  lines  of  migra- 
tion of  ti[ie  famias  indicated  in  my  former  paper  remained  alsa 
apparently  still  to  be  the  prevailing  ones.  The  Cambrian  and 
Silorian  epochs  seem  to  have  been  parts  of  the  greater  PalsBozoic  time, 
perfectly  natmral  in  their  order  of  succession,  and  showing  no  signs 
of  want  in  continuity  when  not  interfered  with  by  loced  changes^ 
In  Britain,  as  we  have  seen,  the  saccession  was  checked  in  limited 
areas ;  but  even  here,  generally,  it  cannot  be  said  that  any  intervals^ 
of  time  are  unrepresented  by  stratified  formations,  as  supposed  by 
some  geologists.  I  would  rather  say  that  not  only  are  all  th& 
lesser  epochs  represented  in  parts  of  this  area  (South  Wales,  etc.), 
the  first  or  nearly  so  of  all  the  European  areas  to  become  submerged ; 
but  that  in  addition,  so  far  as  sediments  are  concerned,  some  of  the 
epochs  here  have  an  exaggerated  importance  from  the  presence  of  an 
excess  of  material  derived  from  Yolcanos,  and  from  the  islands- 
formed  by  the  uplifted  portions  of  the  sea-bottom. 

Devonian  and  Carboniferous. — ^The  physical  conditions  of  these- 
later  epochs  of  the  Palaeozoic  haye  been  so  frequently  and  so  fully 
treated  of  by  such  eminent  authorities  as  De  la  Beche,  Sedgwick, 
Murchison,  Eamaay,  Prestwich,  Etheridge,  Geikie,  etc.,  in  Europe, 
and  by  Logan,  Dawson,  Dana,  etc.,  in  North  America,  that  it  will 
be  only  necessary  for  me  to  refer  very  briefly  to  them.  The  condi- 
tion in  the  early  part  of  the  Devonian  was  like  that  at  the  close  of 
the  Upper  Silurian,  and  the  depression  continued  to  go  on  regularly 
and  uninterruptedly  at  this  time  in  most  parts  of  the  Northern 
Hemisphere.  It  appears  to  have  gone  on  persistently  also  to  the 
close  of  the  epoch  in  some  areas,  but  in  others  about  the  middle,  and 
from  that  to  its  close  great  changes  took  place,  and  the  sea-bottom 
was  there  again  raised  above  the  sea-level.  Volcanic  outbursts  also 
took  place  at  this  period,  and  a  considerable  amount  of  volcanic 
material  was  spread  out,  forming,  in  some  places,  islands  in  the  sea, 
as  between  the  Grampians  and  the  Tay  in  Scotland,  etc.  The  dis- 
turbances during  this  epoch,  like  those  at  the  close  of  the  Lower 
Silurian,  occurred  chiefly  in  the  western  areas  in  Europe,  and  along 
the  eastern  borders  of  North  America.  The  differences  which  are 
now  observable  in  the  sediments  belonging  to  this  period  in  various 
parts  were  produced  by,  and  hence  dependent  upon,  the  local  changes 
that  had  taken  place.  In  the  undisturbed  submerged  regions  lime- 
stones alone  were  formed,  as  in  the  previous  epoch.  Near  the 
uplifted  portions,  sandstones  and  the  usual  materials  to  be  derived 
from  denudation,  were  deposited. 

These  changes  gave  an  entirely  new  aspect  to  the  Northern 
Hemisphere,  and  before  the  close  of  the  epoch  large  areas  of  dry 
land  and  numerous  lakes  and  inland  seas  extended  in  many  direc- 
tions. During  the  Carboniferous  epoch,  most  of  these  areas  were 
again  depressed,  and  marine  sediments  very  generally  deposited. 
Where  the-sea  bottom  remained  undisturbed,  as  in  South  Wales, 
Devonshire,  etc.,  the  sediments  belonging  to  these  two  epochs  are 
perfectly  conformable  to  one  another;  but  in  the  dltttvxx'b^^  ^«w^- 
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an  unconformity  is  of  course  shown.  BecauBs  of  the  unevenneas 
«f  the  eea-bottoiD  at  the  commencement  of  the  Carboniferous 
-epoch,  it  ia  difficult  to  eetiinata  the  amount  of  the  depreseion 
which  now  took  place ;  but  sinco  the  sediments  belonging  to  this 
period  in  some  cases  are  as  much  as  from  15,000  to  18.000  feet  in 
thickness,  it  is  evident  that  it  must  have  been  very  cousidcreble  in 
extent.  This  period  of  gradual  subsidence  was  followed  again  by 
great  movements  in  the  earth's  crust,  accompanied  in  many  cases  by 
■violent  voloanio  action.  Enormous  areas  were  now  upheaved  to  a 
.great  lieight,  and  mountainous  ranges  formed.  The  depression 
which  had  been  gradually  taking  place  over  so  large  an  expanse  of 
the  Northern  Hemisphere  seemed  also  at  last  to  have  reached  its 
limit,  and  the  land  surface  was  now  restored,  partly  in  its  pro- 
portion, though  not  in  its  general  appearance,  to  the  state  it  was  iu 
-at  the  close  of  the  Laurentian,  or  before  the  Cambrian  rocks  were 
deposited.  Three  periods  of  great  disturbance  occurred  in  Palttozoic 
time,  and  they  were  progressively  more  violent  in  their  effects. 
Each  also  followed  epochs  of  quiet  and  gradual  depression,  and  they 
were  most  marked  in  the  areas  first  submei^d,  where  most  sedi- 
ment had  accumulated,  and  hence  where  the  pre-Cambrion  cmst  had 
apparently  become  thinnest.  Tha  depression  in  some  places  for  the 
whole  of  the  Palieozoic  coidd  not  have  been  less  altogether  tbim 
60,000  feet,  and  conformable  sedimeutB  to  that  extent  are  now  found 
in  some  of  the  areas  first  submerged,  and  which  remained  undis- 
turbed. In  the  south-west  of  Wales,  where  they  attain  this  thick- 
ness, the  same  folds  affect  the  whole  series,  from  the  Cambrian  to 
the  Carboniferous,  and  it  is  evident  that  in  this  r^on  these  deposits 
are  all  perfectly  conformable  to  one  another,  though  so  near  to  the 
disturbed  area  of  North  Wales. 

Along  the  eastern  borders  of  North  America  (Appalachian 
region,  ete.)  the  average  thickness  of  conformable  sediments,  accord- 
ing to  Hall,  Dana,  eto.,  is  not  less  than  from  40,000  to  45,000  feet ; 
therefore  the  depression  there  must  also  have  been  nearly  as  great 
aa  that  which  took  place  in  the  western  borders  of  Europe. 
(21  ii  eentltuled  a  aur  ntxt  yumitr.) 

V. — CoBOttETIOKfi, 

By  W.  H.  Pehnino,  F.G.8., 

Of  E.M.  Geoloftical  Surrey  of  England. 

THEBE  ia  a  fine  exposure  of  the  "  Lower  Greenaand  "  in  a  nul- 
way  cutting  by  Sandy  Station  on  the  Q.N.  and  L.  &  N.W. 
Bailwaya,  presenting  a  nearly  vertical  section  50  or  60  feet  in 
height.  It  oonsists  almost  entirely  of  clean  sand,  in  parts  false- 
bedded,  and  more  or  less  coloured  throughout  by  the  presence  of 
oxide  of  iron.  The  colour  thus  imparted  to  the  sand  varies  from 
almost  pure  white,  at  the  lower  part,  through  shades  of  grey  and 
yellow,  to  a  deep  rusty  brown,  lliere  are  here  and  there  layers  of 
hard  ferruginous  concretions  in  tabular,  spherical,  and  many  other 
forms,  presenting  a  feature  hitherto  (so  far  as  the  writer  is  aware) 
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unnoticed.  Tlib  is  a  gradual  passage  from  soft  iron-Btained  sand  to 
haid  complete  cODcretioDs,  exhibitiug  tlie  various  eta'jes  in  the  pro- 
ceu  at  their  romiation.  This  maj'  be  beat  observed  toward  the  north 
And  of  the  cutting,  in  immediate  proximity  to  and  generally  beneath 
ihe  ptitches  of  fully-formed  concretioBS,  but  ib  visible  also  in  other 
parti  of  the  section. 

The  first  sl«p  seema  to  have  been  the  separation  of  the  iron 
particles  into  very  thin  Hues  resembling  stratification,  foilowod  by 
tha  Union  of  two  or  more  lines,  by  attraction  or  cheiiiical  aggrega- 
tion UL-ticii;  mi  iLi;  iroQ.  These  Ihiu  layers  of  diirker  colour  retain 
their  true  linear  arrangament  until  about  one-eighth  part  of  an  iooh 
in  thickneea,  wh^i  the  space  between  them  ia  reduoed  to  about  3  or 
4  inches,  and  th^  follow  the  linea  of  true  or  false-bedding  as  tha 
oue  may  be.  Iney  then  begin  to  incline  towards  esdh  other  at 
intemls  varying  from  fbnr  inohdi  to  a  foot  or  more  in  longt^  and 
«TentaalIy  the  bent  pttrta  meet,  thos  euolosing  irregular  lenticular 
patches  of  light-oolotn^  sand.  This  is  as  seen  in  seotiou  parallel  to 
the  line  of  cutting,  but  umilar  ^pearanoea  would  donbtlew  be  pre- 
Mnted  in  a  tisnHvene  direction,  and  the  lines  of  tronsand  enclose 
small  masaee  of  material,  from  which  the  iron  has  been  removed  In 
hardness  and  friability,  and  in  all  respects  save  colour,  due  to  the 
preaenoe  or  partial  absence  of  iron,  the  enclosing  and  enclosed 
portions  are  the  same,  and  the  mass  can  be  scraped  with  equal 
readinesa  throughout.  But  the  darker  shell  gradually  hardens  and 
thickens  by  further  elimination  of  iron  from  the  neighbouring  aand, 
both  within  and  around  it,  but  mainly  from  within,  for  the  harder 
the  shell  has  became,  the  lighter  in  colour  is  the  nucleus,  until  it  is 
found  almost  a  pure  white  in  the  completo  concretion. 

These  concretionary  lumps  may  be  seen  in  every  stage,  and  !u 
gradations  of  every  stage — in  the  earlier  the  sand  presents  no  altera- 
tion except  a  slight  change  in  colour,  then  the  shell  hardens  some- 
what and  stands  out  slightly  from  the  face  through  weathering.  It 
becomes  harder  still,  and  some  force  is  required  to  break  it ;  lastly  it 
passes  into  its  hardest  and  thickest  form  when  it  can  be  broken  only 
by  the  hamtner,  and  when  it  has  removed  all  iron  from  the  nucleus, 
leaving  it  perfectly  soft  and  white. 

The  white  central  portion  occurs  in  many  forms,  from  a  perfect 
sphere  to  a  flattened  lenticular  lump,  sometimes  it  fills  a  pipe  of  the 
hard  ferruginous  sand  by  which  two  larger  masses  have  been  con- 
nected. It  would  not  have  been  possible  for  these  rounded  masses  of 
white  very  loose  sand  to  have  been  deposited  as  such,  and  for  the  iron- 
stained  sand  to  have  aggregated  round  them— moreover,  the  hard 
dark  case  is  of  a  fairly  uniform  thickness,  which  would  have  been 
equally  impossible  under  the  circumstances.  The  white  enclosed 
sand  is  loose  from  extraction  of  a  portion  of  its  original  substance, 
and  under  a  lens  it  is  seen  to  consist  chiefly  of  white  quartz.  There 
are  some  grains  of  the  same  mineral  pink  and  yellow  in  colour,  also 
occasional  specks  of  a  black  substance  which  moat  probably  is 
Glauconito. 

This  method  of  origination  fully  accounts  for  the  hoQowuess  oft 
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"eqn&torial," bearing;  the  intermediate  bearings,  which  aeem  to  ha^s 
iride  ranges,  being  tenned  "  E.  and  W.  maridionals,"  and  "  N*.  and  S. 
eqaatoriala."  The  meridional  joints  appear  to  be  the  most  iiceqaent 
and  important.  The  cause  of  the  jointing  is  not  known :  little  is 
allowed  to  oontiaction  and  tension ;  and  the  less  definite  ageneiea  of 
xdiemistiy,  eleotricitj,  and  magnetism  are  referred  to  aa  probably 
-concerned  in  its  production. 

It  is  also  implied  (p.  612)  that  the  known  secular  variation  of 
the  ma^etio  meridian  may  havo  existed  in  very  early  times,  and 
that  "the  magnetio  polar  onrrents,"  tbua  chiming  their  direction, 
may  have  prodaoed  more  or  less  divergent  raeridional  jointings  in 
CDune  of  ages.  The  anthor  is  "  not  aoiuainted  with  true  jointing  in 
Tooka  of  later  periods  than  ^e  Jurassic  in  the  British  Isles  " ;  but 
accepts  the  divisional  Btmotui-e  of  the  G-ypsum  at  Montmartre,  and 
of  the  Nagelfluhe  of  the  Bhigi,  as  probably  Tertiary  jointing. 

The  partial  oocnrrence  of  such  vertical  jointing  in  one  set  of 
beds,  over-  and  under-lain  by  jointed  strata,  is  not  only  pointed  out 
as  a  natural  phenomenon,  but  the  fact  of  such  a  set  of  joints  having 
been  laterally  shifted  into  an  oblique  position  (Hke  a  set  uf  sloping 
books  between  two  parallel  sbelvKs)  by  lutev.-il  tlirusts,  anil  here 
termed  "dislocated  jointing,"  is  dearly  expounded  as  a  real  cause 
of  what  is  sometimes  regarded  aa  a  local  cleavage  limited  to  one 
stratum  or  stratal  aeries.  It  is  shown  also  that  jointings  may 
really  have  determined  the  direction  of  dialooations,  although  the 
uppermost  (latest  and  visible)  set  of  joints  may  not  coincide  with 
the  faults ;  for  the  lower  strata  may  be  out  up  by  older,  deep- 
seated,  and  more  widely  pervading  joints,  giving  direction  to  the 
main  movements  (p.  638). 

■' We  have  had,"  says  the  author,  "examples  before  us  of  jointing 
both  unlimited  (as  in  the  papery  variety),  and  intermittent  Mineral 
cleavage  I  hold  to  be  a  superinduced  divisional  structure,  its  planes 
having  no  relation  to  incrementation  or  depositional  growth ;  so  it 
is  also  with  jointing"  (p,  640),  He  admits,  however,  that  slaty 
cleavage  in  some  rocks  may  be  the  result  of  pressure,  rearranging 
and  parallelizing  the  constituent  particles  and  contained  cavities,  to 
produce  planes  of  weakness ;  but  unless  the  cleavage  be  practically 
unlimited  or  papery, — that  is,  if  it  be  intermittent  with  intervals 
of  even  less  tiian  an  inch,  he  prefers  to  regard  the  divisional  planes 
as  having  been  due  to  the  jointing,  whether  in  original  vertical 
position,  or  modified  by  disturbance  of  the  stratal  mass,  with  or  with- 
out lateral  pressure.  The  welding  together  of  joint  faces  is  mentioned 
as  a  frequent  condition,  accounting  for  what  is  sometimes  described 
as  imperfect  cleavage  ;  and  what  has  been  treated  of  by  others  as 
secondary  cleavage,  Prof.  King  thinks  may  be  also  accounted  for  by 
modificatiooa  of  joint-structure  under  pressure.  The  difSoulty  of 
explaining  the  discrepancy  between  the  strike  of  bedding  and  the 
strike  of  cleavage  in  several  known  cases  is  met  by  the  supposition 

■  of  the  lateral  crush  having  been  subsequent  and  oblique  to  one  or 
more  sets  of  original  jointings.   Thus,  after  atating  that  the  mechanictd 

.theory  of  cleavage,  as  advanced  by  Sbarpe,  deteimioftd.  \$^  3ut\i^, 
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aad  Further  elacidated  by  Tyndidl  and  Hangbton,  iieceasitates  a 
Btrictly  coincident  etrike  of  beds  and  cleavage,— and  after  pointing 
out  tbat  in  North  Devon,  OLarnwood  Forest,  the  Lake  District,  Ire- 
laud,  and  elsewhere,  differences  have  been  found  to  exist  between 
the  two  strikes.  Dr.  Bling  renmrlca  r  "Tlie  hypothesis  proposed  by 
myself  doos  not  limit  the  action  in  force  to  the  direction  just  stated 
\jierpe»die\daTJy  to  the  resultiint  planes]  :  it  admita  of  the  force  being 
applied  in  various  directions  againat  pre-existing  divisional  planes  : 
therefore,  cases  answering  to  those  noticed  in  the  last  paragraph  do 
not  stand  out  as  antagoniatio  to  it,  bnt  ae  coming  within  the  category 
of  its  resultant  phenomena.  Obviously  a  force  noting  in  a  line  deviat- 
ing to  some  extent  from  perpendicularity  to  joint-planes  will  bring 
fliem  into  proximity,  and  weld  cognate  planes, together ;  though, 
perhiipa,  not  so  effectively  aa  if  it  had  been  exerted  perpendicularly 
to  thorn.  Moreover,  as  noticed  at  p.  638  [limestone  near  Cork,  with 
complex  jointingsj,  jointings  of  both  sets  forming  the  meridional 
system,  one  striking  east  of  north,  and  the  other  west  of  north,  may 
occur  separately  in  a  great  thickness  of  superimposed  rocks,  repre- 
senting two  different  geological  periods — say  Devonian  and  Silurian  ; 
therefovo  pressure  exerted  uniformly  and  simultaneously  throughout 
lie  mass,  while  acting  perpendiculariy  to  tho  strike  of  the  east-of- 
north  joint-planes  in  the  Silurian  rooks,  would  also  be  acting  obliquely 
to  the  fitrike  of  the  west-of-north  jointings  in  the  Devonians  :  yet  it 
may  be  consistently  held  that  in  both  instances  slaty  cleavage,  thongfa 
necessarily  of  two  discordant  strikes,  could  result  from  one  and  the 
■ame  movement  It  appears  to  me  that  the  above  points  not  only 
elucidate  cases  of  non-coincidenoe  between  th9  strikes  of  cleavage  and 
bedding,  but  they  afford  a  fair  and  full  explanation  as  to  why  it  is 
that  '  cleavage  is  symmetrically  related  to  axes  of  movement  of  the 
strata'  [Phillips}.  So  much  cannot  be  said  of  the  purely  meobaniottl 
hypothesis."  (pages  651-2.) 

Tlie  anthor  states  his  view  of  the  nature  of  jointing  as  follows : 
"  Fully  believing  that  jointing  is  in  the  main  a  physical  pheno- 
menon, the  particular  hypothesis  which  most  strongly  suggests  itself 
to  my  mind,  to  account  for  it,  is,  that  it  is  the  product  of  divisiond 
forces  akin  to  those  which  give  rise  to  mineral  cleavage.  'Hie 
difference  between  the  two  phenomena  arises,  perhaps,  ftx>m  the 
forces,  in  the  case  of  jointing,  being  sulmrdinated  to  terrestrial 
magnetism — to  laws  pervading  the  crust  of  the  earth  ;  while  those 
productive  of  mineral  cleavage  are  obedient  to  crystalline  polarity — -to 
Uws  limited  to  specific  mineral  substances  or  solids.  Or,  to  disarm 
adverse  criticism,  usually  evoked  when  anything  is  ascribed  to  the 
mysterious  agents  that  have  been  introduced  (though  I  wish  it  to  be 
understood  uat  the  circumstances  indicate  what  my  leaning  is),  it 
may  be  safer,  expressing  myself  as  I  did  in  1357,  to  regard  both 
divisional  structures  as  the  result  of  different  man  if es  tattoos  of  one 
and  tho  same  force."  (p.  632.) 

The  "electro-chemical  agents"  recognized  by  the  late  Evan 
Hopkins  as  always  silently  at  work  "  dissolving,  recomposing,  and 
clearing  "  both  the  deep-seated  and  tt*  su^ev&t^al  strata  of  the 
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earth's  crust,  producing  what  he  termed  a  "primary  structure,"  and 
"  showing  the  effect  of  a  polar  crjstallizmg  force  "  (Quart,  Joum, 
G^ol.  Soc  Tol.  vi.  p.  364),  were  certainiy  nnalogous  to,  if  not  iden- 
tical witli  Dr.  King's  world-wide  magnetic  action  prodacing  meri- 
dional and  other  jointe.  Mr.  Evan  Hopkins' hypothesis  of  "cleavage- 
planes,"  howeTer,  was  aasociated  with  many  nnttsnable  views ;  and 
certainly  did  not  tend  to  elucidate  the  geological  structure  of  eitlior 
South  America  or  South  Australia,  to  which  he  applied  it.  On  the 
oontrary,  the  folded  and  crushed  strata,  cleaved  by  lateral  preaeure, 
and  showing  their  obscured  bedding-planes  only  to  the  instructed 
geologist  were  unravelled  on  the  raechatiical  hypothesis  of  cleavage 
^one.  So  in  other  countries  also ;  and  if  this  theory  be  sufficient 
for  euch  great  results,  why  should  we  ask  for  the  inte^^■ention  of  an 
additional  divisional  structure,  of  universal  range  and  of  enigmatical 
origin?  Dr.  King's  reply  would  probably  ha — at  least  to  account 
for  the  above-mentioned  cases  of  imperfect,  secondary,  and  inter- 
otlated  cleavage -sets,  and  for  some  diacrepanoics  iu  the  strike  of 
bedding  and  cleavage.  Good!  Jointing  is  not  an  uncommon  phe- 
nomenon, and  it  must  have  often  been  modified  by  pressure ;  and 
iK-ncp  tlie  explanation,  now  r.ffMml  l.y  our  nutLur,  of  «nuie  or  nil  of 
these  peculiar  stratal  conditions.  But,  as  the  jointinga  or  other 
divisional  structures,  without  pressure,  will  not  explain  the  squeezed, 
contorted,  or  elongated  conditions  of  fossils,  the  parallelized  arrange* 
ment  of  particles,  and  the  crumpling  of  seams,  in  cleaved  rocks,  U]& 
mecianie^  theory  must  bo  accepted,  we  believe,  in  moat  cases,  over 
vast  areas  of  the  earth's  crust.  T.  K.  J. 


II. — On  a  new  Method  of  dktekkiniho  the  Felspaab  oontatned 
IN  KocKB.     ByDs.  J.  Szabo,  Professor  of  Mineralogy  and  Geology 
in  the  University  of  Bada-Peath,  Hungary  ;  Corr.  Memb.  Geol. 
Soc     With  11  Woodouts  and  6  Coloured  Plates,  pp.  88.     (Ger- 
man edition,  1876.) 
rpHIS   method   it   based   on    those  flame -reactions,   for  the   firat 
J.      description  of  which  science  is  indebted  to  Bunaen's  classical 
papers,   entitled    "  Lothrohrversuche,"  and   "  Mammenreactionen," 
published  in  PoggendorFs  Annalen  in  the  years  1869  and  1866. 

The  anthor  of  the  present  Memoir  has  found  it  necessary  to- 
establish  a  more  precise  means  for  determining  the  fusibility  of  the 
non-metallic  minerals  in  general,  and  especially  of  the  felspars  ;  and 
he  finds  that  at  the  same  time  all  the  other  charactera  necessary  for 
the  exact  determination  of  the  species  of  felspar  can  also  be  obaerved 
in  the  flame. 

The  whole  method  is  exhibited  in  a  series  of  tables,  in  which  the 
degrees  of  fusibility,  the  peculiar  characteristics  of  the  fused  products, 
and  the  soda  and  potash  reactions  of  the  different  species  and  varieties 
of  the  felspar  family  are  very  clearly  exhibited. 

In  carrying  out  this  methodfor  determining  the  species  of  a  felspar, 
a  fragment  of  the  size  of  a  gnun  of  mustard-seed  is  held  in  a  loop  of 
platinum  wire  and  subjected  to  the  three  follovring  ex^iimeatA.  \. 
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It  is  belil  in  the  £ame  of  a  Bunsen  lamp  at  a  heiglit  of  5  raillimetres 
from  the  base  for  the  space  of  one  minute,  nad  \\s  fusibility  noted,  its 
Boda  reaction  being  observed  directly  at  the  same  time,  and  its  potash- 
reaction  through  cobalt-blue  glass  or  a  Folution  of  indigo.  2.  The 
second  experiment  is  in  every  respect  similar  to  the  first,  except  in 
tha  circumstance  of  the  chimney  being  placed  over  the  Baofien  lamp, 
and  the  aatiay  held  at  the  point  of  fusion  (Sclimelzraum)  of  the  flame. 
3.  In  the  third  experiment  the  assay  is  first  dipped  in  distilled 
water,  then  in  powdered  gypsum,  and  lastly  placed  at  the  same  point 
of  the  flame  as  in  the  second  experiment. 

As  the  lime  cannot  bo  directly  determined  in  the  presence  of  soda 
and  potash,  the  author  infers  the  q^iMntity  of  this  ingredient  from  the 
degree  of  fusibility  and  the  characters  of  the  fused  product  of  the 
assay.  By  digesting  the  assay  in  hydrochloric  acid,  however,  for 
twenty-four  hours,  tbo  lime  when  present  passes  into  solution,  while 
the  alkalies  remain  almost  wholly  undissolved.  The  author  bases  on 
liis  property  of  the  felspars  a  fourth  experiment  for  confirming  tha 
results  of  the  other  three. 

The  success  of  this  method  is  of  course  largely  dependent  on 
careful  manipulation,  the  details  of  which  ore  given  with  great 
minuteness  in  the  Memoir,  Proofs  of  the  accuracy  of  the  resulta 
obtained  by  it  are  given  in  a.  series  of  comparisons  of  the  numbers 
yielded  by  it  with  those  afforded  by  the  ordinary  methods  of  analysis 
OB  applied  by  well-known  chemista  to  some  of  the  best-known  species 
and  varieties  of  felspar.  J.  W.  J. 


ni. — On  the  Causes  or  Glacial  Epochs.  [Ein  BBiTBAa  zub 
Fbaoe  Uebeb  die  TTrsaohe  dsb  Eibzeitbn.]  By  Dr.  O, 
PiLAB.    (Agram,  1876.) 

FOM  a  study  of  the  phenomena  presented  by  the  whole  Alpine 
system,  and  from  the  observations  of  Favre  in  the  Caucasus, 
and  our  own  geologists  in  Wales  and  Scotland,  the  author  ooncludea 
that  we  have  indubitable  evidence  of  a  former  general  lowering  of 
the  temperature,  and  a  great  extension  of  the  glacial  systems  through- 
out  Europe ;  and  although  no  moraines  or  other  indications  of  ice- 
action  have  been  observed  in  the  Altai  Mountains,  he  considets  this 
is  merely  due  to  the  moisture  from  the  Indian  Ocean  having  been 
intercepted  by  the  higher  ranges  of  the  Himalayas. 

The  author  further  adduces  the  occurrence  of  huge  erratio  blocks 
scattered  over  Patagonia  and  the  deep  fiords  of  the  Sonth-weet  Coast 
of  South  America,  and  also  the  physical  features  of  New  Zealand,  as 
proofs  of  the  former  extension  of  cold  in  both  hemispheres. 

Dr.  Pilar  also  alludes  to  the  former  extension  throng  France, 
Belgium  and  England  of  a  subarctic  fauna  and  flora  in  prehistorio 
times,  as  evidenced  by  the  remains  of  the  Marmot,  Reindeer  and  other 
subarctic  animals  in  the  caves  of  these  countries. 

The  author  cites  the  abandonment  in  the  fifteenth  oentary  of  the 
earlier  Danish  settlements  in  Greenland  (founded  in  the  tenth 
century),  alao  the  cessation  of  the  cultivation  of  lye  in  Iceland,  and 
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e  deBtraotion  of  all  the  laiger  treoB  in  that  island,  together  with  the 
>Bing  of  many  hiatorioally  well-known  passes  in  the  Alps,  as 
idenoe  of  reoent  modifications  in  the  climate,  together  with  various 
oteorological  and  botanical  observations  tending  to  prove  that  osdl- 
dons  more  or  less  extensive  in  the  climate  of  Europe  have  taken 
ace  in  comparatively  modem  times.  Dr.  Pilar  quotes  the  earlier 
«ervations  of  Charpentier,  in  which  he  suggests,  as  the  probable 
planation  of  the  former  greater  extension  of  the  glaciers  of  the 
Ips,  that  in  the  Quaternary  period  they  stood  at  a  far  greater  eleva- 
)n  than  at  present,  thus  affording  a  greater  gathering-ground  for  the 
!ve,  and  that  they  have  subsequently  been  lowered  by  snbaerial 
inudation,  the  detritus  forming  the  great  deltas  and  alluvial  valleys 
the  Bhine,  the  Khone,  and  the  Danube,  etc. 
The  author  further  gives  a  resume  of  the  views  of  Escher  von  der 
mihy  Dove,  Albert  Mousson,  Sir  John  Herschel,  Sir  W.  Thomson, 
jrell,  etc. 

Dr.  Pilar  concludes  that  any  theoiy  which  proposes  to  account  for 
ch  phenomena  by  local  variation  of  climate  will  not  avail,  and 
at  only  cosmical  causes  can  have  produced  them.  He  dtes  the 
tinions  of  Gk>dwin-Austen,  Bamsay  and  others,  as  to  the  former 
idences  of  glacial  action  in  the  New  Bed  and  Permian  formations  ; 
t  also  gives  Adhemar's  views,  formed  on  Humboldt's  observations 
I  the  alternation  of  cycles  of  cold  in  the  northern  and  southern  hemi- 
heres  caused  by  the  greater  or  lesser  eccentricity  of  the  earth's  orbit, 
worthy  of  consideration.  But  he  concludes  that  Mr.  CroU's  theory 
that  which  most  fully  meets  the  requirements  of  the  case.  A  rival 
eory  to  that  of  Mr.  CroU  has  been  promulgated  in  Germany  by 
r.  H.  Scbmick,  which  seems  to  resemble  that  of  Col.  Drayson, 
loted  by  Mr.  Belt.* 

Dr.  Schmick  believes  that  the  attraction  of  the  sun,  alternately 
lercised  on  either  hemisphere  to  a  greater  or  less  degree,  would 
.use  alternations  in  the  volume  of  the  oceans  of  the  globe  in  the  two 
imispheres,  resulting  in  periodic  floods  and  glacial  epochs. 
One  point  of  interest  mentioned  by  Dr.  Pilar  is  the  greater  force 
the  south-west  trade-winds,  which  carry  a  greater  amount  of 
ipour  to  the  Antarctic  Continent  than  the  Arctic  Sea,  thus  causing 
-eater  relative  condensation. 

The  chief  aim  of  Dr.  Pilar's  pamphlet  seems  to  be,  first,  to  give  a 
sume  of  the  various  views  of  writers  on  climatic  variations  in  the 
mperature  of  the  globe ;  second,  to  combat  the  views  of  Dr.  Schmick ; 
id,  lastly,  to  cause  those  of  Mr.  CroU  to  be  more  generally  known 
1  the  Continent. 

*  See  "  An  Examination  of  the  Theories  that  have  heen  proposed  to  acconnt  for 
9  Climate  of  the  Glacial  Period,"  hy  Thos.  Belt,  F.G.S.,  Quart.  Joum  Science, 
74,  No.  xliv.  See  also  H.  Woodward's  Presidential  Address  to  the  (}eol(MnBtB' 
sociation,  Nov.  1874.  And  Anniversary  Address  by  Mr.  John  Evans,  F.B.S., 
eddent  Geol.  Soc,  London,  18th  Feb.,  1876. 
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Oeolooioal  Sdrvbv  or  Ekqlans  and  Wales. 

I. — Thi  Geology  of  the  Weald  (Parts  of  the  Counties  op  Kknt, 
BcBBEY,  SussKX,  AMD  Hajits).  By  WuxiAa  Toplet.  (Iu  part 
from  the  Notes  and  MSS.  of  H.  W.  Bbistow,  W.  T.  Avklinb, 
F.  Bekw,  C.  Godld,  and  Pr,  C.  Le  Nevb  Foster.  LisU  of 
FosBils  reviBed  by  K.  Ethekidob.)     pp.  50ii, 

n.— The  Gboloot  of  Edtland  and  tki  Pabts  of  Liscouf.  Leiois- 
TKB,  NoBTaAMPTON,  HnNxrsGDos,  and  Camdridok,  included  IK 
Sheet  64  ov  tub  One-inch  Map  of  the  Gkologioai.  Survey: 

WITH  an   iNTROorOTOBV   ESBAY    ON    THE  CLASSIFICATION  AND  COK- 
EELATION  OF  THE    JtmASBIC    EoOKS    OV    THE    MiDLAND  DISTRICT  OF 

England.   By  John  W.  Jddd.    (Appendis,  with  Tables  of  FoBeils, 
by  R.  Etheridge.)    pp.  320, 

WITH  the  advance  of  Geology  in  tbe  British  Islands  the  progress 
of  our  Geological  Survey  is  intimately  conneoted ;  and  the 
numcroiiB  pablications  of  Maps,  Sections,  and  Sfemoirs  show  how 
well  ite  original  object  has  been  carried  out  of  arranging,  in  a  form 
easily  accessible  to  the  public,  a  complete  body  of  information  re- 
Bpectiug  the  geological  structure  of  the  British  Islands,  and  the  dia- 
position  and  extent  of  their  mineral  wealth. 

The  moBt  original  work  done  by  the  ofBcera  engaged  npon  ^e 
Survey  is  naturally  in  the  mapping  of  the  exposed  surfaces  of  strata 
on  tbe  Ordnance  Survey  Sheets,  and  the  illustration  of  the  structure 
of  the  country  by  the  publication  of  horizontal  sectionB  on  a  true 
scale.  The  majority  of  the  important  cliff-,  quarry-,  and  pit-Bections 
have  been  stadied  and  described  by  other  geologists,  who  have  also 
contributed  most  largely  to  our  knowledge  of  the  paleeontologioal 
history  of  the  rocks.  For  while  the  geological  surveyor,  in  canying 
on  his  work,  ezamineB  most  of  tbe  open  sections  bnt  onoe  poiiapi, 
and  is  continually  entering  fresh  ground ;  others  studying  me  geo- 
logy of  a  country  may  return  again  and  again  to  the  same  tracts  to 
examine  the  local  details  and  collect  the  foBsils.  And  sections  open 
at  one  time  may  be  dosed  at  another. 

The  illnatration  and  description  of  the  several  tracts  of  oonnhy 
examined  during  the  course  of  tbe  Geological  Survey  cannot  there- 
fore be  regarded  as  complete,  except  the  material  be  gathsrsd  from 
all  sources,  and  in  tbe  memoirs  there  is  displayed  a  proper  zeal  to  do 
justice  to  all  who  have  previously  studied  the  diatriots  and  publiahed 
tbe  results  of  their  researches.  As  tbe  number  of  obwrveis  is  oon- 
stantly  increasing,  so  the  memoirs  recently  issued  oonttun  more 
frequent  reference  to  the  observations  of  others,  and  are  greatly 
improved  by  exhaustive  lists  of  all  works  relating  to  the  oountry 
described. 

The  progress  of  onr  English  Geological  Survey  has  during  Vaa 
past  year  been  marked  by  the  publication  of  two  impoTtant  memoira 
— the  Gflolo^  of  the  Weald,  prepared  by  T&x.  Topley ;  and  that  of 
Bntland,  by  Mr.  Jodd.  Although  we  have  placed  these  two  works. 
t^ggtber  mie  on^ae,  we  must  yet  treat  them  in  a  measmre  separately. 
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&8  thflf  deal  with  diitmat  areM  and  stnta.  Wldl«,  bowerer,  the 
district  deeoribed  by  lb.  Ttmley  baa  ever  been  a  faToarite  field  for  ' 
geologista,  that  into  'trtuidi  ttr.  Jndd  oarriad  faia  obaerrationa  bad 
been  studied  bat  very  littJe  prertonalj,  and  he  omaeqnently  baa  bad 
the  benefit  of  recxnrding  more  new  faota,  and  of  estaUiBhing  ths 
ralslions  of  beds  oonoeming  wbich  many  erroneous  opinious  had 
beok  pnTionaly  enteitnoed. 

L — ^A  now  diatingaiahed  Profeasor  of  Geology  onoe  deaoribed  the 
BtmotnTe  at  the  Weidden  area  in  the  following  pithy  sentences  :— 
"Plntonio  actitm  has  been  Teiy  ranipant  throaghont  the  Wealden 
atea,  tossing  rooks  np  and  throwing  tbem  down,  and  twisting  them 
^wot  in  (dmoet  BTSry  oonoeivable  manner.  A  few  oolonrad  abeeta 
of  paper  torn  to  pieoes  and  then  cmmpled  op  and  squeezed  into  a 
aol^  mass,  will  give  an  adequate  idea  of  their  condition  before  &ey 
were  bnnght  nnder  atmospherio  infiuenoes.  If  we  oat  vaU^  in 
minjataie  ont  of  the  mass  of  paper,  the  ooloured  fragments  ezpoaed 
in  their  aides  will  represent  most  aoctirately  the  disoonneoted  surfaoes 
of  the  rocks,  laid  bare  by  rain,  frost  and  the  erosive  aetioa  Of  the 
streami."  Such  a  chaotio  mass  of  strata  m^t  be  oottsideied  to 
rspreaent  the  straotnre  of  the  Wealden  area  by  one  who,  witbont 
any  previous  experience,  attempted  to  unravel  the  geological  stmo- 
tnre  of  some  of  the  many  little  complioated  and  bnlted  tracts  that 
are  to  be  met  with  in  this  distriot ;  bnt  snob  is  not  the  idea  to  be 
gained  from  a  study  of  Mr.  Topley's  very  laeid  aoootmt  of  the  strata. 
The  Hastings  Beds  especially  are  made  up  of  a  series  of  more  or 
lees  indurated  sands  and  clays,  many  of  the  members  of  which  are  of 
a  local  or  imporeistent  nature  ;  and  it  is  by  no  means  easy,  when,  as 
is  frequently  the  case,  Tiumerous  faults  occur,  to  determine  the  precise 
horizon  of  any  bed  of  clay  or  sand.  Nothing  but  the  systematio 
mapping  of  these  beds  could  determine  their  position  ;  and  how  well 
this  baa  been  done  can  be  seen  from  a  careful  study  of  the  Geological 
Snrv^  maps  of  the  district.  As  an  instance,  the  Tilgate  beds  of 
Dr.  Hantell  have  been  shown  to  comprise  beds  on  several  different 
horizons.  The  Lower  Greensand  exhibits  many  local  variations  in 
thickness,  and  in  the  character  of  the  subdivisions  that  oan  be  made 
in  it. 

Both  Wealden  Beds  and  Lower  Greensand  have  been  sabdlvided 
by  Mr.  F.  Drew,  and  bis  divisions  have  been  eatablished  in  the 
Wealden  district 

i  Hie  area  is  taken  to  include  all  the  beds  that  ace  enclosed  by 
the  Chalk  escarpments  of  the  North  and  Sonth  Downs,  and  the  ranges 
that  nnite  them  west  of  Famham,  Alton,  and  Petersfield. 

The  strata  described  are  therefore  the  Upper  Greensand,  Ganlt, 
Lower  Greensand  or  Upper  Neocomian,  Wealden  Beds,  and  the 
Siqwrficial  Deposits.  But  this  statement  gives  but  a  bare  idea  of 
tbe  aoope  of  tlie  work.  The  many  subdivisions  of  these  strata  are 
described  in  detail ;  the  gravels  are  treated  in  their  relations  to  the 
diffteent  streams  and  rivers ;  while  the  Alluvium,  Submarine  Foreets, 
Kown  Sand  and  Shingle  are  separately  noticed.  Physical  Geology 
haa  received  much  attention — the  structure  of  the  coaatx^,\1«W«a»r3 
and  agnDa}tond  obaraoterB  being  described. 
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diatricta,  mil  prove  of  die  hndusK  imeieat  to-aliatnifeateaf  U«ology, 
for  it  naatmam  eke  reaolt  at'  ouick  ari^inal  tfaoaghL 

Th«  ▼niMMoa  in  Ht4mInjpn*J  durai^tK.  aad  ia  finatla,  <tf  the 
nsm^U  JiTMJo—  of  tbs  OaliDc  aaries,  ai«  wdl  illnBteatod  and 
(]«acrihed  bj  Mr.  Jirid.  Tbe  grot  limestoaeB  m  of  but  local 
d«Telopra«st,  aa  k  tiia  eaae  wiA  tiu  limestanieB  of  tha  PalBoioic 
MTV!)!,  mtd  wkea  abaent  their  partial  or  pofaapa  total  F^Iaonaetit 
hy  Htrata  of  varjring  Htbologieal  cfaancter  imdss  exact  correlatioii 
ft  »Mtt«r  of  •»))«  dificol^.  It  becomea  Deceaaary  to  adopt  different 
f^tmn^c«^i(m»  in  <KiG»ent  tnkcta  of  country,  which  an  eeseotially 
baMd  cm  Ktitok^pcal  cbancteis.  Tbna  the  Northampton  Sand  is 
iVortb  and  Eaat  Oxfordshire  and  South  Nortbampt<»iBfaire  fills  np 
lb#  int«r¥al  between  the  Upper  Liaa  CUy  and  the  Great  Oolita 
lAmfxIrme.  Paljeonlologicallj  the  vp^er  part  of  the  Sand  is  oon- 
ttjdvr^I  M  repreaenting  the  lower  zone  of  the  Great  Oolite,  while  the 
I'rwer  pcntKni  of  the  Sand  ia  ooneidered  as  the  eqainlent  of  the 
lownr  mis  of  tbe  Inferior  Oolite. 

a  Midford  Sand  of  the  soath-weat  of  England  would  aeem  to  be 
J  hcmotaxeoni  with  the  Northampton  Sand.  In  the  Vale  of 
M'rrf>inn,  Mr.  Jarld  thinks  it  possible  that  the  Uidford  Sand  which 
tifrdcrljeg  the  Inferior  Oolite  series  either  thins  oat  altogether  in  the 
rir/rlliFiMi  npurs  and  outliers  of  the  Cotteswolda,  or  its  attenuated 
rnproaonlAtlve  la  lost  in  the  Northampton  Sand. 

Iln  )iM  boon  enabled,  in  places,  to  separate  portions  of  the 
Nurllinmpton  Sand  of  Oreat  Oolite  age  from  that  of  Inferior  Oolite 
^»/  l)(s  Upper  beds  consiat  of  sandy  olays,  and  present  eridenoes  of 
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an  estnarine  origin;    hence  they  have  been  tenned  the  Upper 
Estoarine  Series. 

Eyidenoes  of  unoonformity,  too,  have  been  traced  in  the  Midland 
diBtrioty  proving  local  upheaval  and  denudation,  which  probably 
occurred  when  the  Fuller's  Earth  and  upper  portion  of  the  Inferior 
Oolite  were  being  deposited  in  the  West  of  England. 

In  the  district  more  particularly  describ^  by  Mr.  Judd,  the 
Northampton  Sand,  with  the  Lower  Estuarine  Series,  are  often  seen 
lying  upon  an  eroded  surface  of  the  Upper  Lias  Clay. 

The  determination  of  the  age  of  the  Lincolnshire  Limestone,  first 
surmised  by  the  Bev.  P.  B.  Brodie  and  Dr.  Lycett  in  1850,  was  not 
adopted,  because  some  confusion  was  made  with  the  so-called  "slates," 
which,  as  Mr.  Judd  points  out,  occur  at  several  horizons  in  the  Oolitio 
series.  In  1866,  he  was  led  to  r^ard  the  Lincolnshire  Limestone  as 
of  the  age  of  the  Inferior  Oolite,  and  while  engaged  upon  the  Geologi- 
cal Survey  (1867-70)  this  view  was  confirmed  on  bom  stratigraphical 
and  palsBontological  grounds.  And  in  this,  additional  corrobora- 
tion has  been  furnished  by  the  researches  of  Mr.  Samuel  Sharp  and 
Mr.  Beesley.  The  variations  in  the  attempted  divisional  line  between 
Middle  and  Lower  Lias,  based  on  palsdontological  evidence,  are 
discussed:  such  evidence  proves  that  lines  at  different  horizons 
would  be  taken  in  different  pleices ;  and  as  the  clayey  beds  of  the 
Lower  Lias  merge  often  imperceptibly  into  the  sands  and  clays  of  the 
Middle  Lias,  it  is  seldom  possible  to  draw  a  definite  line  in  the  field. 

Mr.  Judd's  remarks  on  zones — strata  marked  by  a  general  asaemhlage 
of  forms — are  interesting :  but  zones  can  only  be  appreciated  and 
identified  by  long-continued  palsdontological  research.  There  is 
much  perplexity  in  them.  "  It  must  be  remembered  too,"  says  Mr. 
Judd,  "  that  every  zone  may  present  several  fades  ;  the  petrological 
and  palsBontological  features  which  characterize  these  being  dependent 
on  the  conditions  under  which  the  strata  were  deposited  at  different 
points.  The  faunas  of  deposits  belonging  to  two  facies  of  the  same 
zone  may  differ  from  one  another  more  widely  than  those  of  beds  of 
corresponding  facies  of  different  zones." 

The  origin  of  the  Northampton  Sand  forms  an'  interesting  and 
important  essay  in  itself,  and  was  in  1869  communicated  to  the 
Greological  Society,  and  postponed  (owing  to  official  regulations) 
for  publication  in  this  Survey  Memoir. 

llie  descriptions  of  the  Liassic  and  Oolitic  strata  are  accompanied 
by  copious  lists  of  fossils;  and  an  Appendix,  prepared  by  Mr. 
Etheridge,  shows  the  distribution  of  the  species. 

In  the  chapter  on  Post-Tertiary  deposits  are  notes  on  Pre-Glacial 
deposits;  Glacial  deposits,  including  notices  of  large  transported 
masses  of  Inferior  Oolite  and  Marlstone;  Post-Glacial  deposits,  such 
as  Gave  deposits,  Yalley  gravels,  Estuarine  gravels,  Marine  gravels, 
and  Alluvium. 

Faults,  Denudation  and  Scenery,  Springs,  Swallow  Holes,  etc., 
likewise  receive  due  treatment.  The  list  of  works  relating  to  the 
district,  furnished  by  Mr.  Whitaker,  includes  110  different  papers  and 
books. 


£30  Reports  and  Proceedings — 

We  oannot  doae  this  notice  wifhont  a  few  words  in  aobnowledg- 
ment  of  Mr,  Judd's  disintorofited  devotion  to  Geology;  for  after 
resigning  his  appointment  on  tbe  Qeologicol  Survey,  he  gave  np  his 
own  time  to  the  prepamtiou  of  tLie  Official  Memoir. 

The  work  of  the  Survey,  rendered  more  detailed  every  year  by  the 
advance  of  the  scienoe,  would  seem  uo  light  work  as  fresh  distriots 
are  entered,  ood  the  literature  of  the  Bubjeot  coiaes  to  be  Btodied. 
And  when  Mr.  Topley  tells  us  that  great  part  of  his  Memoir  was 
prepared  amongst  the  Northumbrian  Moors,  we  can  understand  that 
literary  work  involving  bibliographical  research  was  carried  on  at 
considerable  disadvantage.  To  him  and  to  Mr.  Judd  great  credit  is 
due  for  the  admirable  manner  in  which  all  tbe  facts  oonnected  with 
tbe  respective  districta  they  have  described  are  placed  before  their 
readers.  We  do  not  think  that  tbe  task  of  either  could  have  been 
perforuiod  more  satisfactorily,  and  we  oan  only  regret  that  the  price 
of  28s,  is  likely  to  debar  many  poor  geologists  from  purcbaeing  Mr. 
Topley's  Memoir,  while  the  price  of  12».  6(1.  for  Mr,  Judd's  book 
seems  disproportionately  low.  Tbe  volumes,  moreover,  neither  cor- 
respond in  size  nor  in  the  "lettering,"  but  these  are  mysteries  which 
we  cannot  pretend  to  fathom;  they  are  among  the  bidden  things  of 
Her  Majesty's  Stationery  Office,  and  past  finding  out ! 
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Gbolooioai,  Sooiktt  of  Londom. — I. — Uaroh  8, 1676. — Profeesor 
P.  Martm  Duncan,  M.B.,  F.E.S,.  President,  m  the  Chair. 

The  following  communications  were  reed : — 

1.  "  On  the  In^aence  of  various  substances  in  aooderatang  tbe  Pte- 
cipitation  of  Clay  enspended  in  Water."  By  Wm.  Bamsay,  Esq., 
Principal  Assistant  in  Glasgow  Universi^  Laboratory.  ComniDiii- 
oated  by  Prof.  Bamsay,  F.R.8.,  V.P.G.8. 

The  autbot,  referring  to  the  fact  that  day  when  Buspeaded  is 
water  in  excessively  minute  partioles  settles  more  rapidly  when  the 
water  contains  salts  in  solution,  noticed  the  opinions  expreaaed  by 
previous  writers  on  the  subject,  and  gave  the  results  of  experiments 
made  by  him,  from  which  it  would  appear  that  the  rapidity  of  pre- 
cipitation is  proportionate  to  tbe  amount  of  beat  absorbed  by  the  raits 
in  process  of  solution.  By  another  series  of  experiments  he  found 
that  tbe  fluidity  of  tbe  respective  solutions  bad  apparently  no  in- 
fluenoe  on  the  rapidity  of  deposition  of  the  clay.  He  also  found  that 
clay  is  deposited  less  quickly  in  acid  solutions  than  in  solutions  of 
salts,  and  more  rapidly  in  a  solution  of  cauatio  soda  than  in  one  of 
caustio  potnsh.  In  solutions  of  oommon  salt  of  different  strengths 
he  found  that  clay  settled  in  the  inverse  order  of  their  sp^ific 
gravities.  From  (dl  these  results  the  author  is  inclined  \a  attribute 
tbe  varying  rapidity  of  the  settling  of  day  suspended  in  saline  solu- 
tions to  the  varying  absorption  of  heat  by  the  solutiona.  When 
water  containing  suspended  day  was  heated,  the  rqiidity  of  the 
settling  of  the  day  was  proportionate  to  tbe  heat  of  the  water.  The 
author  suggests  that  tbe  increased  rapidity  of  settlement  may  be  due 
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to  ihe  gzeater  amplitude  of  -vibration  of  the  mokcules  of  water  when 
beated;  the  Yibratioiui  being  performed  in  equal  times,  particles 
descending  at  zi^t  an^es  to  the  plane  of  vibration  will  experience 
less  resistanee  from  the  molecides  of  water. 

A  note  by  Prof.  Bamiay,  briefly  indicating  some  of  the  geological 
bearings  of  these  reeolts,  was  appended  to  the  paper. 

2.  "On  some  Fossiliferons  Cambrian  Shales  near  Oamavon." 
By  J.  IL  ICanr,  Esq.  Oommnnicated  by  Prof.  T.  M'Eenny  Etughes, 
F.O.a    With  an  Appendix  by  Henry  Hicks,  Esq.,  F.G.S. 

The  shales  descril^  by  the  author  extend  from  about  three  miles 
S.W.  of  Oamarvon  to  Bangor,  running  nearly  parallel  to  the  Menai 
Straits.  They  are  faulted  against  Lower  Cambrian  to  the  east,  and 
disappear  against  a  dyke  on  the  west  The  shales  vary  from  greyisb 
black  to  bluisb  black  in  colour,  and  are  generally  sandy  and  mica- 
oeouSy  but  in  places  chiefly  clayey.  Fossils  were  obtained  from 
three  places  on  the  banks  of  the  Seiont,  namely,  near  Point  Seoint 
(where  the  beds  are  concretionary  in  structure),  along  the  old  tram- 
way Irom  Camaryon  to  Wanttle,  and  near  Peblig  Bridge.  The  first- 
named  locality  is  richest  in  fossils ;  and  here  there  is  a  greenstone 
dyke,  parallel  to  the  bedding  of  the  rock,  and  altering  the  shales  fbr 
a  distcmce  of  about  four  yards  from  the  edge  of  the  dyke.  The  fossils 
seem  to  indicate  that  the  deposit  belongs  to  the  upper  part  of  the 
Arenig  group. 

Appsndix. — Mr.  Hioks  pointed  out  that  the  fauna  clearly  showed 
that  these  beds  belong  to  the  Arenig  group,  many  of  the  species 
being  identical  with  those  found  in  the  upper  part  of  that  group  at 
St.  David's,  Shelve,  and  in  Cumberland.  The  new  species  found 
by  Mr.  Marr  are  a  Caryocaris  {C.  Marrii)  and  an  JEglina  (A, 
Mughesii),  The  other  fossils  were  Didymograptus  indentua,  D,  hifidus^ 
D.  Murchisonij  and  the  var.  furdllatus.  Species  of  Barrandea,  Trinu- 
deuSj  LingtUay  OboleUa,  IHscina,  etc.,  and  Orthoceraa  caeresiense.  The 
rock  in  its  general  character  is  extremely  like  that  at  the  same  horizon 
in  the  succession  at  St  David's,  Shelve,  and  in  Cumberland,  and 
indicates,  therefore,  the  prevalence  of  similar  physical  conditions  when 
deposited.  The  rock  is  such  as  would  be  formed  over  an  even  sea- 
bottom  at  some  considerable  distance  from  land  and  in  moderate  deep 
water.  Mr.  Hicks  looked  upon  this  discovery  as  of  considerable 
importance,  since  it  clearly  proved  the  position  of  beds  hitherto 
imperfectly  known,  and  moreover  shows  that  similar  conditions  pre- 
vailed over  extensive  areas  at  the  time  these  beds  were  deposited. 
It  also  furnished  further  evidence  in  support  of  Mr.  Hicks's  opinion 
that  no  break  occurs  anywhere  in  the  Welsh  area  between  the  Cam- 
brian and  Lower  Silurian  rocks. 

3.  "  On  the  Occurrence  of  the  Bhsetic  Beds  near  Leicester."  By 
W.  J.  Harrison,  Esq.,  F.G.S.,  Curator  of  the  Town  Museum,  Leicester. 

The  sections  described  by  the  author  are  shown  in  brick-pits  in 
the  Spinney  Hills,  forming  the  eastern  boundary  of  the  town  of 
Leicester,  and  in  the  Crown  Hill  on  the  eastern  side  of  a  valley 
^excavated  by  the  Willow  Brook.  In  the  latter  locality  they  are 
capped  by  Lower  Lias.    They  have  a  slight  dip  to  the  south-east. 
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The  briok-pits  show  a  tkickQeas  of  about  30  feet  of  Bbsetio  beds 
above  the  Triaasic  red  marl,  to  wbioh  their  stratification  ia  parallel. 
The  lowest  bed  is  a  light-coloured  sandy  marl  about  17  feet  thick, 
tr.'iverBed  by  three  or  four  courses  of  harder,  whiter  stone,  and  coii' 
lAining  crystals  of  selenite,  pseudomorphs  of  salt,  and  numerous 
email  fish-acales.  A  single  insect  wing  was  obtained  from  it  This 
bed  extends  aoross  the  valley  of  the  Willow  Brook,  and  forms  the 
base  of  Crown  Hill.  Above  it  comes  the  Bone-bed,  from  2  to  3 
inches  thick,  containing  numerous  small  teeth,  bones,  and  soalea  of 
fishes  and  Saurians,  including  lariqie  vert^ibne  of  Ichthyosaurui,  ribs 
probably  of  Fleeioaaunit,  and  some  bones  of  Labyrinthodont  cha^ 
racter.  Two  species  of  Axinua  alao  occm-.  The  Bone-bed  b  followed 
by  about  2i  feet  of  coarse  black  shales,  overlain  by  a  very  thin  band 
of  hard  reddish  sandstone,  with  casts  of  ATinus,  and  this  by  about 
2  feet  of  finely  laminated  black  shales  containing  Cardiam  rliatieum, 
Avicula  contorla,  and  a  Starfish  (Opiiiolepis  Damesti).  Above  these 
oome  about  5  feet  of  shales  with  sandy  partings,  the  lower  foot 
rather  dark  and  containing  AvievJa  conlorta,  Cardiam  rhtetieam, 
OalTea  Uaesica,  and  a  new  Pholidopharus ;  the  remainder  light- 
coloured,  but  with  the  same  shells.  The  topmost  bed  in  the  section 
is  a  band  of  nodular  limestone  6  inches  thick.  The  same  sequence 
is  observed  in  Crown  Bill,  There  are  indicntions  of  the  existence 
of  a  second  nodular  limestone  and  of  beds  of  light-colonred  clay  and 
sand,  but  obscureil  by  drift,  in  whicli,  however,  blucks  of  limestone 
occur  with  Monolis  deeussnta  and  Anoplophora  mutevloidta.  The 
author  indicates  other  localities  where  traces  of  the  Bhratic  beds  aiv 
to  be  seen,  and  states  that  wherever  the  true  junction  of  the  Trias- 
and  Lias  is  exposed,  the  Rhtetics  appear  to  be  invariably  present. 
The  paper  also  included  some  particulars  with  regard  to  borings  in 
the  Trias  near  Leicester. 

4.  "  Hsematite  in  the  Silurians."     By  J.  D.  Kendall,  Esq.,  F.G.S. 

The  author  referred  to  a  former  paper  in  which  ho  showed  that  the 
direction  of  the  hfematite  deposits  in  the  Carboniferous  Limestone  of 
Cumberland  and  Lancashire  is  parallel  to  that  of  the  meridional 
divisional  planes,  or  nearly  north  and  south ;  while  the  deposits  in 
the  Silurians  are  in  two  directions,  some  parallel  to  on«  set  of 
divisional  planes  and  some  to  the  other.  In  the  present  paper  he 
describes  a  deposit  of  hiematite  at  Water  Blean,  in  the  parish  of 
Millom  in  Cumberland,  in  Coniston  Limestone,  which  appears  to  be 
altogether  unlike  those  referred  to  in  his  former  paper.  The  Silu- 
rians here  are  all  conformable,  with  a  strike  about  6S°  N.£.  and 
S.W.  and  a  dip  of  about  80°  to  N.W.,  but  their  order  is  inverted. 
Tlie  hematite  occurs  in  the  Coniston  Limestone  in  the  form  of  short 
veins,  varying  in  width  from  a  few  inches  to  9  feet,  mnning  in  tlie 
direction  of  the  strike,  and  having  the  same  dip  as  the  limestone, 
thair  deposition  having  taken  place  along  the  bed-joints  of  the  rock. 
The  author  accounts  for  this  difference  in  the  deposits  b^  the  fact 
that  in  the  Coniston  Limestone  at  Water  Blean  the  bed-joints  are 
much  more  persistent  than  the  divisional  planes,  which  are  very 
iriegnlta,  and  not  at  all  so  strong  and  open  as  the  bed-joints. 
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IL— Huoh  22, 1876.— Professor  F.  Uartin  Dnnoan,  M.B.,  F.B.S.,. 
FreoidMit,  in  the  Cbair. 

1.  "  On  the  Trianio  Strata  which  are  exposed  in  the  Cliff  Sections 
near  Sidmonth,  and  a  Note  on  the  Oconrrenoe  of  an  Oaaiferons  Zone 
ocmtaining  Bonea  of  a  LaburitUKodioiL"  By  H.  J.  Johnston  Lavis, 
Em.,  F.a.& 

The  aatbor  desoiibed  the  base  of  the  olifb  east  of  Sidmouth  as 
oomposed  of  the  Harl  which  is  the  uppermost  subdivision  of  the 
Trias  in  South  Devon,  capped  in  Littleoomb  Hill  and  IhmBOomb 
Hill  t^  Greensand  and  Ohalk,  and  in  Saloombe  Hill  by  Greenaand 
alone.  In  the  valley  of  the  Sid  it  is  lai^ly  exposed  at  the  sorfaoe. 
Close  to  the  month  of  the  Sid  the  Upper  Sandstone  crops  out  beneath 
the  mail,  fbrming  a  cliff  overhanging  the  river.  To  the  west  of 
Sidmouth  there  is  a  low  projecting  oliff,  the  Chit  rook,  formed  also 
of  the  Upper  Sandstone,  and  at  the  western  end  of  this  is  a  fault 
which  has  giv^i  the  Chit  rock  an  upthrow  of  at  least  40  and  perhaps- 
of  80  feet,  since  it  has  no  marl  capping  it,  and  in  its  litholo^cal 
character  it  resembles  the  middle  put  of  the  Upper  Sandstone.  To 
thia  point  the  dip  is  to  the  east ;  but  westward  of  the  fault  the  dip 
is  at  first  to  the  west  for  about  half  a  mile,  when  the  sandstone  reap- 
pears with  an  easterly  dip,  having  formed  a  synclinal  curve.  It  is- 
overlain  by  Marl  and  Greenaand  in  Peake  and  High  Peake  Hills, 
which  are  capped  with  Chalk  gravels.  West  of  High  Peake  Hill 
the  Sandstone  forms  the  whole  cliff.  The  author  described  the 
general  characters  presented  by  the  Triassic  beds  in  the  section 
under  notice,  and  mentioned  the  occurrence  at  about  ten  feet  from 
the  top  of  the  Sandstone  of  a  peculiar  series  of  beds,  composed  of 
coarse  sandstone,  containing  scattered  nodules  of  marl  from  the  size 
of  a  pea  to  that  of  a  hen's  egg,  together  with  numerous  ft'^^ents  of 
bone,  some  of  which,  belonging  to  a  species  of  Lahyrmihodon,  would 
be  described  by  Prof.  Soeley,  The  author  mentionetl  that  he  had^ 
received  from  the  Rev.  S.  H.  Cooke  some  fragments  of  bone  obtained 
by  him  twenty  years  ago  from  this  same  "  Ossiferous  Zone."  Mr.. 
Whitaker's  specimen  of  Bffperodapedon  was  also  obtained  from  the 
Upper  Sandstone. 

2.  "  On  the  Posterior  Portion  of  a  Lower  Jaw  of  Labyrinlhodon 
(i.  Laeiti)  from  the  Trias  of  Sidmouth."  By  Harry  Qovier  Seeley, 
Esq.,  F.L.S.,  F.G.8.,  Professor  of  Physical  Geography  in  Bedford 
College,  London. 

After  referring  to  the  doubtful  position  of  the  Labyrinthodontia  in- 
the  system,  tind  expressing  his  doubts  as  to  the  occurrence  of  the- 
genus  Maetodomaurus  in  Britain,  the  author  proceeded  to  describe 
in  detail  the  posterior  part  of  the  right  ramus  of  the  lower  jaw  of  a 
Labyrinthodont,  obtained  by  Mr.  Lavis  from  the  OasiferouB  Zone  of 
the  Trias  near  Sidmouth,  the  position  of  which  was  described  by 
that  gentleman  in  the  preceding  paper.  The  specimen,  which  is 
13  inches  long,  and  perfectly  free  from  matrix,  shows  that  the 
lower  jaw  in  Labyrinthodonts  not  only  contains  articular,  angular, 
and  dentary  elemeats,  as  hitherto  supposed,  but  also  separate  sphe- 
nial  and  surangular  elements,  and  probably  a  distinot  ooronoid  DQi:i«- 
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Tbeao  bones  were  described  in  detail;  ami  the  author  remuked  tbat, 
altliougb  tbey  are  aoniuwliat  reptilian  in  aspect  and  arrangomeDt, 
tliey  are  not  very  Buggeabve  as  to  the  affinitiee  of  Labyrintkodon. 
They  surround  a  central  hollow  space,  wliicb  no  doubt  reo^ved  the 
primitive  cartilage  round  which  the  booes  were  ossified ;  and  the 
persietence  of  this  character  would  seem  to  be  a  link  rather  with  the 
lower  than  with  the  higher  Vertebrata.  The  jaw  differs  from  the 
Eat.rnchian  mandible  in  posseesing  well -developed  angular  and 
Eurangular  elements ;  and  some  reptiles,  each  as  Crocodiles  and  the 
tnariuo  Cbelonia,  present  analogies  in  tlie  perforations,  the  structure 
of  the  jaw,  and  the  scuipture  of  the  bones.  In  size  the  specimen  ia 
almost  identical  with  that  figured  by  Mr.  Miall  as  belonging  to 
Labyrinthodon  pachi/gna&us,  but  the  depth  and  outlines  of  the  poetu- 
ticular  part  of  the  jaw,  and  differeucea  in  the  sculpture  of  the  lateral 
eubartionlar  ornament,  famish  distinctive  characters  which  lead  the 
author  to  describe  the  present  species  as  representing  a  new  species, 
which  he  names,  in  honour  of  its  discoverer,  Lahyriidkodon  Laiiti. 
Tlie  author  briefly  noticed  several  other  bones  and  fragments  obtained 
by  Mr.  Lnvis  in  the  same  locality,  some  of  which  jtrobably  belonged 
to  the  same  skeleton. 

3.  "On  the  Discovery  of  Melonitei  in  Britain."  By  Walter 
Keeping,  Esq.   Communicated  by  Prof.  T.  M'Kenuy  Hughes,  F.G.S. 

The  author  described  a  specimen  from  the  Carboniferoji*  Lime- 
stone of  Derbyshire  in  the  Museum  of  Ihe  Geological  Survey,  which 
displays  numerous  plates  belonging  to  the  test  of  a  largo  Echinoid, 
considered  by  him  to  be  a  Dew  species  of  the  genus  Jl^omtta, 
hitherto  regarded  as  peculiar  to  America.  The  author  proposed  to 
call  this  species  Mslonitet  Etheridgii,  and  he  described  it  as  possess- 
ing a  more  or  leas  spheroidal  test,  about  seven  inches  in  diameter, 
composed  of  very  thick  plates,  arranged  in  five  ambulacral  and  five 
intcrambulacral  areas,  all  the  plates  being  ornamented  with  minute 
tubercles  for  the  support  of  spines.  The  interambnlacral  areas  were 
probably  about  twice  as  broad  as  the  ambulacral,  and  composed  (at 
the  equator)  of  about  nine  ranges  of  plates,  the  marginal  ones  pen- 
tagonal, the  rest  hexagonal,  artioulating  with  each  other  by  faces 
varying  from  a  right  angle  to  one  of  30°,  The  ambulacraJ  areas 
were  broad,  each  formed  of  two  convex  ribs  separated  by  a  meridional 
depression  runningfrom  mouth  to  anne,  and  each  rib  (half-area)  oom- 
posed  of  six  or  seven  ranges  of  irregular  plates,  each  perforated  by  a 
pair  of  simple  pores.  The  tubercles  are  minute,  imperforate,  without 
hoes,  and  of  two  orders,  the  larger  surrounded  by  a  smooth  areola, 
bounded  by  an  elevated  ring.  The  spines  are  small,  tapering, 
coarsely  sidcate,  with  a  prominent  collar  round  the  articular  end. 
A  second  specimen  exists  in  the  British  Museum.  The  spedee 
differs  strikingly  irom  the  North  American  Melonitea  muliiporus  in 
the  characters  of  the  ambulacral  areas,  which  have  12-14  ranges  of 
plates,  and  are  divided  by  a  meridional  furrow  in  the  new  species, 
and  only  eight  ranges  of  plates,  with  a  median  ridge  formed  of  plates 
twice  as  large  as  the  rest  in  M.  nuUipottis. 

i.  "Note  on  the  Phosphates  of  the  Laurentian  and  Cambrian 
Boeka  of  Canada."    By  PrincipalIteww)ii,"L'U'0.,¥.B^8..  F.G.S. 
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TLe  ELUlfaor  described  the  mo^e  of  occmrence  of  pbospliatic  de- 
posits in  varions  localities  in  Canada.  Dark  phosphatic  nodulee,  con- 
taining fr^ments  of  Lingrda,  abound  in  the  Chazy  formation  at 
AUumett«  Island,  Grenville,  Hawkesbury,  and  Loohiel.  Similar 
nodnlea  occur  in  tlie  Gniptolite  shales  of  the  Quebec  group  at  Point 
LeviB,  and  in  limestones  and  ooBglomeratca  of  the  Lower  Potsdam 
at  Kiviere  Quelle,  Kamouraska,  and  elsewhoro  on  the  Lower  St.  Law- 
rence; these  deposit*  also  contain  small  phosphatic  tubes  resembling 
Serpuliles.  The  Acadian  or  Alenevian  group  near  St,  John,  New 
Brunswick,  contains  layers  of  calcareous  sandstone  blackened  mth 
phosphatic  matter,  consisting  of  shells  and  fragments  of  Litigjila. 
The  author  described  the  general  character  of  the  phosphatic  nodulos 
examined  by  him  at  Kamouraska,  and  gave  the  results  of  analyses 
made  of  others  ^m  various  localities  which  furnished  from  i6-^8 
to  55-65  per  cent,  of  phosphate  of  lime.  A  tulio  from  Kiviere  Ouelle 
gave  67-63  per  cent.  Tbe  author  accepted  Dr.  Hunt's  view  of  the 
coprolitto  nature  of  the  uodulea,  and  inclined  to  extend  this  inter- 
pretation to  tlie  tubes.  Tho  animals  producing  the  coproUtes  could 
not  be  thonglit  to  be  vegetable  feedore ;  and  he  remarked  Ijiat  the 
animals  inhabiting  the  primordial  seas  employed  phospbAteof  lime 
in  tbe  formation  of  their  hard  parts,  as  had  been  shown  to  be  the 
case  with  Lingutie,  Conutaria,  and  the  Crustaceans.  The  shells  of  the 
genus  Hyotithcs  also  contain  a  considerable  portion  of  phosphate  of 
limf.  Hfiice  111.}  caruivorous  aiiimnls  uf  the  Cambrian  seas  would 
probablj  produoe  phosphatic  ooprolites. 

With  regard  to  the  Laurentian  apfttit«  de^ioaits,  the  anthor  stated 
that  they,  to  a  great  extent,  form  beds  interstrati6ed  with  the  other 
members  of  the  series,  chiefly  in  the  upper  part  of  the  Lower  Laa- 
rentian  above  the  ^o^oon-limestones.  The  mineral  often  forms  com- 
pact beds  with  little  foreign  matter,  sometimes  several  feet  thick,  but 
varying  in  this  respect.  Tbin  layers  of  apatite  sometimes  occur  in  the 
lineB  of  bedding  of  the  rock.  Occasionally  disseminated  crystals  are 
found  throughout  thick  beds  of  limestone,  and  even  in  beds  of  mag- 
netite. The  veins  of  apatite  are  found  in  irregular  fissures ;  and  as 
they  are  found  principally  in  the  iiirme  parts  of  the  seams  which  con- 
tain the  beds,  the  author  regarded  them  as  of  secondary  origin.  Tho 
Laareatian  apaUte  presents  a  perfectly  crystalline  texture,  and  the 
contaioiug  strata  are  highly  metamorphosed.  The  author's  arguuents 
in  favour  of  its  organio  origin  are  derived  from  the  supposed  organic 
origin  of  the  iron-ores  of  the  Laurentian,  from  the  existence  of 
Eozowt,  from  the  wont  of  organio  structure  In  the  Silurian  deposit 
described  by  Mr.  D.  0.  Davies,  and  the  presence  of  associated  gra- 
phite in  both  oaaei,  from  the  character  of  the  Acadian  linguliferous 
sandstone,  which  might  by  metamorphism  furnish  a  pyroxonita  rock 
with  nasees  of  apatite,  like  those  of  tbe  Laurentian  series,  and  from 
the  prevalence  of  animals  with  phoapbatie  onuts  is  the  Friwordial 
age,  and  the  probability  that  this  occurred  also  in  the  earlier  Liu- 
rention.  The  position  of  the  phosphatic  deposits  above  the  horizon 
of  Eozo(m  is  also  adduced  by  the  author  as  adding  probability  to  the 
existence  of  organic  agencies  at  the  time  of  their  for.nation. 
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COZE&H-ESI^OiriDEnsrCE, 

APrAREXT  AND  TRUE  DIP. 

Sib,  — Althougli  the  principle  involved  is  always  tLa  same,  tlie 
methoda  given  below  for  finding  the  true  from  the  apparent  dip  are, 
I  believe,  new ;  and  in  the  hope  tbat  they  may  be  found  by  others 
as  serviceable  as  by  myself,  I  send  them  for  insertion  in  the  Geo- 
logical Maoazine. 

To  find  direction  of  dip. — When  the  amonnt  and  direction  af^t«"o 
lines  of  apparent  dip  are  known,  the  diroction  of  the  tme  dip^may 
be  found  by  one  of  the  following  rules,  A  or  B. 

Bale  A. — When  both  the  obaerved  dips  incline  from,  or  towards, 
the  angle  enclosed  by  their  lines  (Fig.  1),  the  true  dip  is  at  righl 
angles  to  a  line  a  b  laid  down  by  the  following  method. 


Set  ofi'  from  the  angle  on  each  uf  the  two  lines  of  apparent  dip,  » 
number  of  units  corresponding  to  the  number  of  degrees  of  dij) 
observed  along  the  other  line,  and  connect  the  two  points  by  a  line 

I'his  line,  a  b,  coincides  with  the  strike,  and  is  oonseqadnUy  at 
right  angles  to  tJie  true  dip's  direction. 

Itule  B. — When  one  observed  dip  inclines  from,  and  the  other 
towards  the  angle  enclosed  by  their  lines  (Fig.  2),  the  tme  dip 
follows  a  line  c  d  laid  down  by  the  following  method. 


Bet  off  from  the  angle  on  each  uf  the  two  lines  of  apparent  dip, 
a  number  of  units  corresponding  to  the  number  of  degrees  of  dip 
observed  along  that  line,  and  oonneot  the  two  points  by  a  line  e  d. 

This  line  coincides  with  the  true  dip's  direction. 
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Note.— Hese  rnlw  will  not  apply  Doalteied  to  lines  of  ap- 
parent dip  enoloeing  aeiUe  angleH,  which  in  practioe  are  rarely 
found.  In  Buoh  ouea  a  horizontal  triangle  oonHtruoted  by  the 
mart  rule,  lb.  on  the  other  aide  of  either  line  of  observed  dip, 
will  give  the  reault  reqnirod. 

Fio.  8. 


"nie  quftrry  reproBented  in  Fig,  3  may  be  taken  as  an  example  of 
obtaining   the   true   dip  by  these  methode.     The   operation    being 
repeated  under  varying  conditions  with  the  same  result. 
H.  If.  Qmlooicu.  8v>t>t.  W.  H.  FiNKIHa. 


THICKNESS  OF  THE  OXFOED  CLAT. 

Sis, — As  few  of  vonr  readers  may  possibly  see  mjr  Lecture  on  the 
Water  Supply  to  Houses  and  Towns  with  especial  reference  to 
Oxford,  I  beg  to  enclose  an  extract  from'  it,  having  reference  to  a 
qoestion  which  is  of  some  geolo^cal  interest,  viz.  the  thickness  of 
the  Oxford  clay  in  this  district.  The  inquiries  I  had  occasion  to 
make  respecting  the  practibility  of  an  artesian  well  at  Oxford  led 
me  to  doubt  previous  oonolusions.  In  the  following  cxtraot  from 
my  pamphlet  I  pve  the  geological  grounds  on  which  I  arrived  at  this 
difinoil  remit. 

"  Wa  know  generally  that  the  Oolites  become  thinner  in  their  range 
eaatwaid,  bnt  the  Oxford  day  has,  on  the  contrary,  been  thought  to 
become  thicker,  and  it  has  been  generally  stated,  on  the  evidenoe 
chiefly  of  the  boring  made  at  Wytham '  in  1829,  that  at  Oxford  it  is 
€00  ft.  tbiok,  or  more. 

"I  am  satis&ed  however,  that  there  is  some  error  in  the  construction 

put  on  that  section,  and  that  the  thickness  of  the  Oxford  clay  here  is 

much  less  than  that  estimate.     A  record  of  the  boring  has  been  pre- 

eerred,  whioh  shows  it  to  have  been  carried  through  a  suooessioa  of 

1  Three  milu  N.X.W.  fram  Oxford, 
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clay  anJ  rock  strata,  to  the  depth  of  632  feet.  Unfortunately  tha 
record  waa  drawn  up  by  coal-tninorB,  who  have  employed  the  terms 
in  common  use  in  tim  coal-fields,  and  no  Bpecimens  have  been  pre- 
served which  would  have  enabled  us  to  correct  the  deficiencies  o£ 
description;  nevertheless  there  is  sufficient  evidence,  on  independent 
grounds,  to  show  that  the  strata,  so  far  from  belonging  all  to  the 
Oiford  clay,  include  probably  the  whole  of  the  Oolitio  serieS)  and 
port  of  the  Lias. 

"  My  reasons  for  believing  the  assignment  wrong  are  these :  in  tiie 
Oxford  clay,  whether  seen  in  eeotioofl  at  St.  Clement's,  Oxford,  Soin- 
mertown,  or  elsewhere,  no  beds  of  rock  are  met  with, — nothing  but 
a  few  seams  of  Beptaria,  nor  have  any  been  found  in  the  ontorop  or 
pits  of  the  lower  division  of  this  formation  at  Kirtlingtoa  or  North 
Leigh,  or  in  any  well-eections.  The  10  ft  of  Kelloway  rook  which 
lies  at  the  base  of  the  Oxford  clay  in  Wiltshire,  has  not  been  roci^- 
uized  in  Oxfordshire.  The  alternation  of  thiok  beds  of  rook,  Bom«  of 
them  30  ft.  thick,  and  of  a  light  colour,  such  as  described  in  tfce 
Wytham  boring,  is  entirely  unknown  in  the  Oxford  clay  of  any  p«rt 
of  England.  I  should  therefore  exclude  these  rock  strata,  and  restrict 
the  Oxford  clay  at  Wytham  to  the  strata  numbered  1  to  24  inclusive, 
the  total  thioluieBs  of  which  is  2T3  ft.  No.  25,  'a  strong  blue  rook,' 
10^  ft.  thick,  I  should  refer  to  the  Combrash ;  No.  26  to  32,  alUr- 
nating  clays  and  rock  33  ft  thick,  to  the  Forest  Marble;  No.  3S  to 
50,  consisting  of  grey  and  light  oolourod  rooks,  two  of  them  SO  ft. 
thick,  with  seams  of  clay,  altogether  131-J  ft.  thick,  to  the  Great 
Oolite  ;  No.  ill  and  55,  together  14^  ft.,  to  the  vubhly  Inferior  Oolito 
of  Fuwbr  :  while  lU)  thin  s^'uiii  of  iro.istouo  nnd  Ihe  clays  with  iron- 
stone, No.  53  to  59,  which  were  penetrated  to  the  depth  of  170  ft, 
may  represent  the  Marlstone  and  Lower  Lias ;  the  Upper  Lias,  which 
at  Fowlor  is  reduced  to  a  thickness  of  5  ft,  has  here  apparently 
thinned  out. 

"  If  we  compare  the  seclioii  grouped  in  this  manner  with  the  diaen- 
aionsand  characters  of  the  several  Oolitio  formations  immediately  DOitli 
of  Oxford,  as  deaoribed  by  Prof.  Phillips,'  Prof.  Hull,'  and  Mr.  Qnm,* 
they  will  be  found  to  agree  very  oloaely. 

Avera»  Thicknui  ot  Stnu  M  ChirlbOTT, 
,yj^_.... ,,__ 

Cambrash 


Id  Bulw*  BrkLfs.  Wjttiiuii 


""sr- 


Forest  Marble    25  |  „   SS— 32      SS    o| 

Great  Oolite — Upper ... 

Inferior  Oolite    

Upper  L 


.}... 


Hurlstone  and  Lower  lias     400  „   56,   59      170     6 ' 

"  A  few  years  later,  another  boring  waa  made  at  St  Clement's  in 
search  of  water.  No  particulars  aro  preserved.  It  waa  420  ft.  deep, 
and  is  merely  stated  to  have  been  through  26S  ft.  of  olay,  and  18S  ft. 


(BhooB  Im  16fi)  c^nndk.  Iliese  beds  W«  dao  bmb  M^ltied  t6  the 
Oxfori  olay,  bat  Mr.  Suh^k^  maks  of  tbe  rode  balow  a  depth  of 
365  ft.  n  Tofbntile  to  the  wtai  Oolite;  bM  upon  wfiAt  eridenoo  hti- 
dow  ndt  Bay.  If,  h»i&tnt,  a  netfl;  boriaontal  line  (thft  ^  of  the 
Btnte  is  nMBfly  boHsoMal)  be  pi(d<niged,  from  the  level  at  vhioh  we- 
have  {AaoedtbeOxfttrd  cl«y.5t  Wrtluim,  it  will  be  found  to  ooinoide 
alsioit  ezMtly  witft  flie  base  of  me  ol^y  at  St.  Olemnit's,  snd  boUi 
wemm  woidd  natanfltsr  &11  into  die  same  eategorjr." 

I  ecmdnde,  thereifeve,  Aat  fattMd  (if  being  600  A.  thiok  and  more, 
tt«Oxfindel^  in  the  Beigfabotnlioaddf  Oxford  does  Bdtesoeed  820' 
to  SSO  ft.,  and  farther,  4li€ire  ie  eridWioe  to  beliOre  that  the  Lower 
lata  HtmS  Hataa  ont  at  so  great  ffistuioe,  and  even  that  the  New 
Bed  SuMone  ie  at  bo  great  depflh  beSeMh  Oxford.  BMidee  iti 
gaalogicid  bearing,  ibk  is  importawt  in  oaoO,  at  some  future  pciriod,  of 
■ay  attempt  to  tearoli  fbr  ooal  in  Oxford«faire  or  BoolringfaatilBfalre. 
E.— JStEKAidN  or  Wythax  Bobino. 
(Fitm  FliiU^'i  "  Gtoology  ti  Oxfwd,"  p.  SM.) 

"Hie  foUowi^  is  a  rominaty  of  the  resolta  obtained  in  this- 
imuarkaUe  bwing,  copied  fh)m  a  Beotaon  pieaented  to  the  Oxford 
Mosenm  in  1649,  by  the  Sari  of  Abii^on,  The  terms  employed  by 
the  workmen  ore  used  iS  the  coal-fields  of  Staffoidshk<9  for  strata 
some  what  analogouB : — 


1.  Loamy  ground   

2.  (taicbsnd  and  watw 

3.  Bhie  doDCli        

1.  Light  elimch      

G.  Blue  elonch        

6.  Clnnch  binm      

7.  Bine  chmch       

S.  Cbmch  binea     

9.  Blue  clnnch        

10.  Brown  cionch      

U.  Mingled  gionnd 

12.  Btoonggmrock 

13.  Orej  clnnch       

14.  Brown  clnnch      

15.  Mingled  gronnd 

16.  Blue  clnnch  binca 

IT.  Mingled  gionnd 

IS.  Bine  clunch        

19.  Mingled  ground 

20.  BlneclDJich       

11.  Dark  blue  rock 

£2.  Dark  parting  clnnch  .. 

23.  Dark  bine  rock 

14.  Dark  clnnch        

iB.  Strong  bloo  rock 

26.  Dark  parting  clnnch  ... 

IT.  Strang  blae  rock 

26.  Strong  parting  clnnch 


29.  Blue  rock    t  i 

SO.  Clnnch  and  clnnch  Unet  ...  6  < 

81.  GrCTrock 18  ( 

82.  Dart  parting  clnnch 0  i 

33.  Light  rock 30  : 

34.  Light  parting  clunch  hinei  0  '. 
36.  Light  rock 6  i 

36.  Very  dark  partii^      3  i 

37,  Grwrock 1  ■ 

as.  Dark  parting     0  : 

39.  Clnnch  bines      7  i 

40.  Orejrook 3  ' 

41.  Darkparting     I  i 

42.  Oreyroek ,..  2  i 

43.  BInsBinas 2  i 

44.  Hingl«d  gromd 3  < 

46.  Blue  rock    9  < 

45.  Dark  gronnd     1  i 

47-  Hinglad  Ktotind 7  ' 

48.  Light  rock 16  I 

49.  Black  bat 2  i 

60.  Eock 36  ( 

61.  Mingled  ground       11  i 

62  to  66.  Uingled  ground      ...  3  i 

G6.  Ironstons    0 

gl'  Clunch  mixed  with  ironitone  132 

69.  Dark  clnnch       2 


"The  boring  was  carried  to  the  depth  of  211  yards,  the  strata  the 
same  at  that  at  696  feet."— 0.  Wsbb. 
"Hie  boring  was  made  in  1829."  Joseph  Pekstwich. 
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THE  OLDEST  FOSSILrFEBOCS  ROCKS  OP  XOETHZEN  EUEOPE. 

Sib,— I  have  read  the  paper  by  Professor  Linnarseon  in  the  last 

ITmnber  of  the  Gbologicai.  MAGiZDfi:  with  much  interest ;  but  I  fail 

to  see  in  it  any  fccta  stated  which  require  tiiat  I  should  in  any  way 

modify  the  TiewB  there  criticized.     Indeed,  1  must  claim  the  evidence 

"brought  forward  as  tending  atrongly  to  confirm  those  views.     As  this 

subject  will  be  treated  of  fully  in  my  paper,  which  ia  now  being 

published  in  the  Geol,  Mag.,  I  will  here  only  refer  to  one  or  two  points 

•which  Professor  Linnaraeon  seems  to  have  lost  sight  of  in  hia  paper. 

1.  If  the  Swedish  area  was  sabmei^ed,  as  suggested  by  him,  at  aa 

early  a  period  as  the  British  area,  there  is  no  reason  why  it  shooM 

not  have  been  depressed  to  as  great  a  depth.     That  this  could  not 

have  been  the  case,  however,  is  quite  clear  from  the  esuunination  of 

^hfi  faunas  and  the  sediments.     The  average  thickness  of  the  eedi- 

menta  in  the  British  area  at  the  close  of  the  Cambrian  was  at  least 

16,000  feet,  and  at  the  close  of  the  Lower  Silurian  30,000  feet.     As 

theie  are  perfectly  conformable  sediments,  it  ia  certain  that  a  depree- 

■aion  of  over  that  amount  had  taken  place.     The  average  thickness  for 

the  same  period  in  Sweden  ia  scarcely  over  1,000  feet ;  henoe  if  the 

depression  there  was  equal  to  that  in  Britain,  the  sediments  there 

Ijefore  the  close  of  the  Lower  Silurian  must  have  been  deposited  in  a 

depth  of  29,000  feet  of  water.     I  do  not  think  Prof.  Linoarsson  can 

poaeibly  mean  that  the  Swedish  fauna  of  that  period  was  likely  to 

have  inhabited  a  sea  of  that  depth.     The  British  and  Swedish  E»unas 

are  in  manj'  respects  alike,  and  indicate  the  presence  at  that  time  of 

■wrj  similar  oonditions.    And  the  reef-building  corals  so  plentiful  in 

each  area  prove  ooDclusively  that  the  depth  of  water  could  not  have 

been  very  great. 

2.  As  to  the  resemblanoe  between  the  Harlech  and  Henevian 
faunas,  it  is  not  greater  than  what  might  naturally  be  expected  in 
groups  succeeding  one  another.  The  likeness  indeed  is  not  greater 
than  between  widely  separated  groups  in  the  Silurian.  Moreover, 
no  one  will  believe  that  the  forms  of  life  in  the  Uenevian  had  not 
earlier  representatives,  and  which  need  not  have  differed  &om  them 
very  greatly.  Indeed,  the  large  size  and  high  state  of  development 
of  the  Trilobites  in  the  Uenevian  group  prove  conclusively  to  my 
mind  that  this  state  oould  only  have  been  attained  throu^  many 
previous  faunas  of  a  similar  type.  Hence  it  is  but  reasonable  to  sup- 
pose that  the  very  earliest  Cambrian  founa  which  could  be  discovered 
would  not  differ  greatly  from  the  Henevian,  and  moreover  tliat  these 
forms  of  life  were  probably  in  ezistenoe  before  a  single  bed  of  the 
European  Cambrian  rooks  had  been  deposited,  or  even  the  waters 
bad  encroached  on  the  old  pre-Cambriau  European  Continent. 
Apm,nn.         ^__ Hmkt  Hiom. 

UNFADIMG  INK. 
Sib,— Would  yon  or  tm  of  yonr  teaden  kindly  tell  me  of  the  most  niitable  uid 
durable  ink  for  markiiig  Cnalk  BpecimsDa.  T  baie  for  the  laat  eighteen  yean  marked 
tbem  with  common  writing  ink;  Dnt  I  now  And  that  in  a  rceaX  nnmber  of  caua  the 
writine  ii  l^  diMppearing,  and  that  I  moat  aooD  re-mark  them  with  Mmething  more 
dmsUe,  if  I  mh  find  it 
DximMLtt,  Eabi  ToBXiBiBS,  i.  K.  UoamoB. 

ui_prii  1014,  1879. 
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L — Ok  the  Vzstkul  Banqii  of  thb  Gbaptolitio  Tyi-ks  m 

SWEDXH. 

By  Dr.  G.  Liitnabssom, 

Dinctor  of  the  Geological  Sarrej  of  Sweden. 

OF  the  Birediab  QraptalitaH  up  to  this  day  but  ver;  little  seems  to 
be  known  in  foreign  oonntries.  Thejf  merit,  however,  more 
attention  than  has  hitherto  been  bestowed  on  them— ohieflj  perhaps 
beoaose  of  the  scantiness  of  the  lilerature.  The  Graptolitio  fauiuB  of 
Sweden  have  many  analogies  to  those  of  other  Silorian  districts,  and 
sre  therefore  of  great  importance  for  the  identification  of  the  strata. 
An  acquaintance  with  them  ia  also  rsquired  if  one  wishes  to  obtain  a 
somewhat  accurate  knowledge  of  the  vertical  and  horizontal  range 
of  the  various  types.  A  short  account  of  them  might  therefore  pos- 
sibly have  some  interest  even  to  an  English  geologist. 

lu  Sweden  it  ia  chiefly  at  four  borizoDS  that  the  Graptolites  are 
numerous  and  predominant,  but  also  at  many  others  some  single 
species  are  found.  In  general  the  Graptolitic  faunee  in  Sweden  are 
more  separato  and  unmingled  than  in  England,  certain  forma  which 
in  England  have  a  wide  vertical  range  beiug  in  Sweden  restricted  to 
one  horizon. 

The  Cambrian  and  Silurian  deposits  of  Sweden  can  be  arranged  in 
the  following  manner,  in  descending  order : — 

1.  fnCT-i'nitnu  Beds.  9.  Lower  Gmptolitic  Sctuita. 

2.  Zfp((Bnii  I.imealone.  10.   CtralopjiftLimeslODe. 

3.  Upper  Graptolitic  Schisto.  11.  Biclsoitema  Schists. 
1.  Brac/iiopad  SthaU.  12.  OltnuiSMaU. 

5.  TriniKiiui  Schi«t8.  13.  Paradaxid,,  Schista. 

6.  CAsf nop!  Limestone ,  14.  Facoid  Simdstone. 

7.  Middle  GrapMlibc  Schiata.  15.  Eopkyton  Suidstone. 

8.  Orthottrat  Limestone. 

The  Sondstones— which  lie  unconformably  on  the  fundamental 
gneiss,  and  are  overlain  by  the  "  Primordial  Zone,"  thus  agreeing  in 
position  with  the  English  "  Longmynd  Group  " — have  not  yielded 
any  Graptolites,  if  we  except  a  single,  very  fiiint,  impression  found 
in  the  shale  accompanying  the  Eophytun  Sandstone,  which  represents 
a  Dietyoaema  or  something  allied  to  that  genus.  I  am,  however,  very 
uncertain  of  tlie  true  nature  of  this  impression  ;  it  is  possible  that  it 
is  act  even  of  organic  origin. 

In  the  Faradoxidet  beds,  I  have  myself  seen  no  traces  of  Grapto* 
liles,  nor  have  any  been  found  by  other  observers. 

The  oldest  Graptolite  hitherto  described  from   Sweden  ia  tha 

nicADi  U.—TOI,.  m.—so.  ri.  \ft 
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Diehograpluf  lenell«s,  Liore.  It  occurs  in  the  uppermost  part  of 
the  Olenua  Sohiats  of  WeBtrogothia,  together  with  Sphcerophthahnas 
alalan,  Boeck.  Tlie  rock  wliicli  has  yielded  it  correispoods  with  the 
Upper  Dolgelly  of  Mr.  Belt. 

The  Diclyonema  Sohiats,  which  occur  in  Ostrogothia  and  Scania. 
abound  in  i!>iW^oiienio_/io6EWi/orme,  Eichw.,  and  contain  in  Scania  alsu 
a  Dichograptas  in  very  great  nnmber.  Almost  the  only  other  fossil 
found  in  these  Bchisto  is  a  Brachiopod  resembling  the  Obolella  SalUri. 
Holl,  from  the  Malvern  HiUs,  which  does  not,  however,  in  England 
occur  together  with  Diett/onema.  but  in  a,  somewhat  lower  horizon. 
The  Lietyonema  Schists  of  Ostrogothia  in  all  respects  agree  with 
the  bituminous  schists  which  in  the  Baltic  provinces  of  Russin 
overlie  the  "  Ungulite  Grit,"  In  certain  localities  in  Scania,  Diety- 
onema  seems  also  to  occur  in  the  upperino.st  part  of  the  Oienus  beds. 
and  there  a  transition  might  thus  take  plaoe  between  the  Olentt* 
Schists  and  the  Dietyonema  Schists,  while  in  Ostrogothia  they  seem 
to  be  sharply  defined. 

From  the  Ceratopyge  limestone  not  a  single  Graptolit*  is  known. 
though  it  oontaios  intercalated  bands  of  schists.  In  the  overlying 
Lower  Graptolitio  Schists  they  occur,  on  the  contrary,  very  plenti' 
fully.  The  fauna  of  these  sdiigts  is  quite  analogous  to  that  of  the 
Skiddaw  and  Quebec  groups,  but  hitherto  a  far  less  number  of 
generic  types  has  been  found  in  Sweden  than  in  England  and 
Canada.  The  most  common  genera  are  Fhyllograplva  and  Didymo- 
graplm.  The  former  is  the  most  characteristic,  and  therefore  the  Lower 
Graplolitic  Schists  might  also  be  termed  "  Pkyllnijrnptiis  Schists." 
IHdymograptut  is  represented  by  several  species,  but  in  some  localities 
is  comparatively  rare.  Besides  the  above,  there  are  not  with  certainty 
known  any  more  genera  than  Tetragraplu»  and  Bichograplut.  There 
is  also  an  estremely  slender  branched  form,  of  which  1  have  not  been 
able  to  make  out  the  generic  characters;  but  perhaps  it  belongs  to 
Picurograptue.  In  one  single  locality,  at  Fajelsang  in  Scania,  I  have, 
together  with  forms  characteristic  of  the  Lower  Graptolitic  Schists, 
such  as  FhyUograptux  and  Didymograptus  hirundo,  found  numerous 
specimens  of  a  Climaeograpltu,  a  genus  which  elsewhere  in  Sweden  is 
found  only  at  higher  horizone.  The  stratigraphical  relations  of  the 
schists  containing  this  mixed  fauna  have  not  yet  been  made  out.  la 
petrographical  as  well  as  in  palfeontological  respects  they  differ  firom 
the  true  and  undoubted  Lower  Graptolitic  Schists  foGnd  at  other 
places  in  Scania,  which,  as  those  of  Westrogothia  and  Jemtland,  have 
yielded  no  traces  of  Diplograpli  or  Climacograpti.  I  have  guessed 
that  the  schists  is  question  might  possibly  be  intercalated  in  the 
Orthoeerat  Limestone.  In  Norway  the  Orthoceras  Litnestone  contains 
intercalated  bunds  of  schists,  but  of  their  faunte  nothing  is  known, 
Sonie  authors  have  referred  the  Skiddaw  and  Quebec  groups  to  the 
Primordial  Zone.  That  view  must,  however,  he  abandoned,  as  those 
groups  are  evidently  equivalent  to  the  Swedish  Lower  Graptolitic 
Schists,  which  repose  on  a  bed — the  Ceratopyge  Limestone — the 
fauna  of  which  has  a  decidedly  Lower  Silurian  character. 
la  the  Orthaceraa  Limestone  Graptolites  are  extremely  rare.     I 
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hare  only  found  a  verj  few  fragments  or  PJii/lIograpti  iii  Dalecndiii 
aad  Jeir.tland,  No  doubt  the  physical  conditions  prevailing  in  the 
««a  wheu  this  limestone  was  formed  were  unfavourable  for  the 
exifilcQco  of  Graplolites. 

Imioedifttely  above  the  Orthocerns  Limestone  there  is  a  fleries  of 
mostly  black  achiata,  which  are  kuown  almost  only  from  Scania, 
though  they  occur  also  in  Jemtland;  in  the  middio  provinces  of 
Sweden  they  are  entirely  wanting-.  By  AngeJin  aod  other  writers 
tliey  have  not  been  distinguished  from  the  other  graptolitiferona 
rocks  situated  above  the  Orthocern»  Limeslone,  but  they  contain, 
undoabtedly,  a  peoaliar  fauna,  and  oooapy  a  much  lower  horison 
than  the  Upper  Graptolitio  Sohiatfl.  I  have  therefore  propoaed  to 
name  them  Middle  Ghiiptolitic  Schists.  Though  thek^stestigraphioal 
and  pnldBontoIogioal  relations  were  mianndentood,  the  Middle  Grap- 
tolitio Schists  have  long  been  known.  At  an  early  period  Hisinger 
described  from  this  horizon  Cli-akieograplv»  Ureiitueulua  and  Dieh/- 
mograpttu  genunua  {^Di  Murehitani,  Beok.).  Of  other  genera  Dieel- 
lograpliu '  and  Dieranograpttit  are  the  most  oharaoteristio,  though 
Diplograpbu  oooure  far  more  plentifully.  These  stdiiBts  oonld  there- 
fore be  termed  Dicranograpttu  Schists.  Of  the  genera  Graptolitkua 
and  Baslriles  I  have  not  found  any  representatives  in  them,  with 
the  possible  exception  of  one  single  fragment  of  Raslrilet,  found  in 
a  loose  slab  seeming  to  belong  to  this  horizon.  The  Middle  Grap- 
tolitio Schists  occur  also  in  Norway,  where  they  form  the  uppermost 
part  of  Stage  3  of  Pvofessor  KJemlf,  and  in  the  Isle  c^  Bomholm, 
whence  some  species  were  long  ago  described  by  Geinitz,  and  where 
their  strati  graphical  relations  have  lately  been  worked  out  by 
Professor  Johnstrup.  In  Britain  they  have  their  nearest  analogue 
in  the  Moffat  series.' 

In  the  Chasmopa  Limestone  Graptolites  are  rare,  though  not  quite 
BO  much  so  as  in  the  Orthoeeraa  Limestone.  I  have  only  found 
species  of  Diplograptui  and  perhaps  of  Climaeograptw. 

The  Trinucleat  Schists  are  also  in  general  poor  in  Qraptolites.  but 
they  have  usually  been  confounded  with  the  Upper  and  Middle 
Graptolitio  Schists,  and  therefore,  erroneously,  stated  to  oontain  very 
numerous  species  of  that  gi'oup.  The  few  species  ocourring  in  the 
TrittueleuB  Schists  are  almost  exclusively  confined  to  the  lower  beds, 
which  are  usually  blackish,  and  potrographically  resemble  some 
varieties  of  the  Upper  Graptolitio  Schists.  From  that  horizon 
Hisinger  described  the  Diplograplui  prish's.  Of  other  genera  I 
have  only   found  Dieellograptut.      In   the   upper  beds,  which    are 

'  Thougti  I  do  not  think  that  Mr.  HopkinaOD  hoi  correctly  inlarprBtad  the 
rtrncture  of  tha  Bpeeies  referred  by  tiini  U>  the  genua  DiutUtgraptiu,  thay  Beem  to 
farm  >  Tery  natural  and  well-d«fin^  groap. 

'  I  shoald.  howeier,  think  that  the  Moffat  lerieg,  m  defined  by  Ecgliib  geologitta, 
indodea  nLio  l>eds  equivalent  to  the  lower  portion  of  the  Swedish  Upper  Qraptolitie 
Schists,  which  is  characterized  by  RaKtriUt  peregrinui,  OraplolitUui  lobifei;  and 
tagittarim,  Climacogrsplv  ItreliMealni  and  Biplafrapltu  patmeiu,  while  in  the 
upper  portion  Ovaplotithia  priniUn  and  S'lialilc'  Oeiniliianui  are  the  pieT^Iing 
■pecies.  [Mr  Charles  Lapworth  hae  shown  that  the  Moffat  Knm  it  cUTinble  bto 
diatinct  groups,  charactfirized  hy  distinct  species  of  QraptoUtw. — H..Il.¥1.'\ 
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usually  Toiliiish,  and  more  marly  or  coJcnroous,  Graptolites  are 
^moet  totally  wanting. 

Fiom  the  Brachiopod  Scliists  no  GraptoHtes  are  known. 

In  the  Upper  Graptolitic  Schists  they  a ro  on  the  contrary  abundant.. 
Tlie  general  character  of  their  Graptolitio  fauna  is  quite  different 
from  that  of  the  older  ones.  All  branched  forms,  euch  as  Didymo- 
graptus,  Dteranograpiui,  etc.,  Beem  hero  to  be  wanting.  Of  diprio- 
uidian  forma  Diploijraptaa  and  CUmacograplua  etili  occur,  and  to 
them  ifi  added  Beliolilee,  a  genus  which  has  been  found  in  the  under- 
lying rciolca.  The  unbranched  monoprionidiau  forms  appear  in  this 
horizon  in  great  plenty.  Of  the  genua  Qraptolithtu  numerous 
species  oocnr,  and  JiaBtriUg  is  represented  at  least  by  two  or  three. 
The  Upper  GraptoUtio  Schists  occur  also  in  tlio  Isle  of  BornLolm, 
hut  are  not  known  from  Norway.  In  Bohemia  and  Britain  they 
have  alao  very  well-marked  analogues.  The  lower  portion  of 
Batrande's  Stage  E  and  tlie  "colonies"  in  his  Stage  D  contain  a 
quite  corresponding  fauna.  Among  the  species  common  to  the 
lioiiemian  and  Swedish  beds  are  GraploUlhus  priodon,  lobiferus, 
and  rolonvs,  Diphgraptw  palmem,  Baslriles  peregriniM,  Betiolifen 
Geiiiilxiamia,  and  several  others.  In  Great  Britain,  the  Coniston  and 
Gala  beds  correspond  to  tlie  Upper  Graptolitio  Schists  of  Sweden. 

Tiie  Upper  Graptolitio  Schiata  occur  in  Weatrogothia,  Ostrogothia, 
Scania,  and  Dalecarlia.  In  the  two  first-named  provinces  they  are 
the  youngest  Silurian  rocka.  In  Scania  thoy  eeem  to  be  imme- 
dinlely  overlain  by  Upper  Silurian  Iwds,  corrceponding  to  the  lowest 
beds  of  Gotland.  In  Dalecarlia  they  are  overlain  by  a  limestone 
peculiar  to  that  province,  the  LepUena  Limestone  of  Tomquist,  or  the 
typical  part  of  Segio  Harparum  of  Angelin,'  In  that  limestone  no 
traces  of  Gi^aptoiites  have  been  found. 

Ill  the  Upper  Silurian  rocks  of  Sweden,  which  form  the  Btgio 
Ettcriaurorum  of  Angelin,  and  which  I  have  therefore  termed 
Encrinarw  Beds,  Graptolites  are  nearly  entirely  wanting.  From 
Gotland  Dr.  Lindstrom  mentions  in  his  enumeration  of  the  fossils  of 
that  island  only  a  "  Graptolites  sp."  The  only  fragments  I  have 
myself  Been  are  so  obscure  as  not  to  enable  tne  to  determine  their 
generic  characters.  In  the  Upper  Silurian  of  Jemtland  and  Scania 
I  have  not  found  any  Graptolites  at  all.  The  scarcity  of  the  Gmp- 
tolitea  in  our  Upper  Silurian  is  no  doubt  in  a  largo  part  due  to  the 
nature  of  the  sediment.  In  Norway,  where  schistose  beds  occur  in 
the  higher  parts  of  Iho  Upper  Silurian,  some  species  of  Graptolites 
are  found  plentifully  in  Stage  8  of  Kjerulf,  which  belongs  to  the 
Ludlow  formation  according  to  the  English  classification.  The 
species  cited  by  Kjerulf  from  that  horizon  are  Graptolithua  Ludensii 
and  Eelioliles  GeiniUianui.  The  former  might  possibly,  judging 
from  the  figures,  include  also  a  CyTtograplus. 

The  subjoined   list  will  show  our  present  knowledge  of  the 
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II. — Notes  on  the  Gokrei^tios  or  the  Qkaptolitio  DBpoaiis 

OS  SwKDEN  WITH  THoei:  or  Buitain. 

By  H.  Alletnb  NicHOLflou,  M.D.,  D.Sc,  F.R.S.E.; 

Profeaeor  of  NatUrtl  History  in  the  University  ot  St.  Andrews. 

(PLATE  IX.) 

THE  foregoing  paper  was  sent  to  me  by  Dr.  Lianarsson,  along 
with  a  fine  collectioQ  of  Swedish  Qraptolites  ;  and  I  am  happy 
t<i  be  the  medium  through  which  bis  interesting  observations  appear 
before  the  English  public  With  singular  acumen,  the  distinguiRbed 
Swedish  geologist  has  unravelled  the  intricacies  which  beset  the  study 
iif  the  distribution  of  the  Graptolites  in  past  time ;  and  bis  results 
are  of  peculiar  importance  and  value.  Some  of  these  results,  in  so 
far  as  they  especially  bear  upon  British  Geology,  may  just  be  in- 
dicated here. 

In  the  first  place.  Dr.  Linnarsson  has  shown  (wfaat  British 
palfeontologistfl  have  long  been  trying  to  prove)  that  certain  species 
iind  genera  of  Graptolites  are  restricted  to  certain  very  defiuite 
iiorizons.  He  has  thus  added  fresh  force  to  the  opinion  (which  some 
liave  regarded  as  exceedingly  doubtful)  that  the  Graptolites  may  be 
safely  relied  upon  as  guides  in  strati  graphical  arrangement — their 
value  in  this  respect  being  at  least  equal  to  that  of  the  Trilobites. 
Secondly,  Dr.  Linnarsson's  researches  afford  another  and  a  very 
striking  proof  of  the  singularly  uniform  manner  in  which  Grapto- 
lites have  been  distributed  throughout  the  world  at  corresponding 
periods  of  time — the  same  zones,  with  the  same  genera  and  species, 
being  certainly  recognizable  in  all  regions  which  have  hitherto  been 
properly  investigated.  Thirdly,  by  means  of  the  clear  and  satisfac- 
tory seriea  of  the  SiJurisii  Kocics  of  Sweden,  Dt.  liVCi'[ua6B»&.  \&  *Mi«> 
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to  definitely  eetabliali  the  precise  position  of  certain  of  the  Gmpto- 
litic  zones  of  Britain,  the  exact  geological  plaoe  of  which  has 
hitherto  bean  o.  matter  of  some  dubiely.  This  is  especially  the  cue 
with  the  "  Upper  Graptolitio  Schists "  of  Sweden,  which  unmis- 
takahlj  ooixespond  witli  the  "  ConiBton  Mudstonea  "  of  the  North  of 
England.  Il  is  highly  satisfactory  to  me  t«  know  that  Dr.  Linnars- 
bod's  investigations  fully  corroborate  the  view  always  maintained 
by  Prof.  Harkness  and  myself  on  this  matter — namely,  that  the 
"Coniston  Mudstones"  are  indubitably  inferior  to  the  true  Upper 
Silurian  Bocks. 

From  a  dttidy  of  Dr.  Linnaraaou's  paper,  it  will  be  seen  that  the 
following  five  Graptolitio  zones  are  recognizable  in  Sweden  and 
Norway : 

1.  Oi.BNDS  SoaiSTS  and  Dicttosema,  Sciiiars,  with  Diciyonemn 
fiahelliformh,  Eiohw.,  and  Hichograpliu  teneUua,  Linnarsson.  The 
Intter  is  not  a  true  Dichtijraplwt,  but  belongs,  together  with  the  form 
which  I  described  from  the  Upper  Skiddaw  Slates  under  the  name  of 
DitJtogTaplM  gracilis,  to  a  new  genua,  which  I  propose  to  name 
TrichograptiM.  The  Oleniii  Schists  and  Dicti/oneiua  Schists  of 
Sweden  may  be  paralleled,  with  great  probabilKy.  with  the  "  TreraB- 
doc  Slates  "  of  Wales  ;  and  as  far  as  Uie  Qraptolitos  are  concerned. 
may  bo  regarded  aa  a  single  group. 

2.  Lowes  Graptolitio  ScnisTS. — These  beds  oovtain  species  of 
FhyUogra-ptiM,  Telragraptus,  and  DiJymogrnptits,  and  are  (he  un- 
doubted equivalent  of  the  SkiJdaw  Slaita  of  the  North  of  Euglanri 
and  the  Quebec  group  of  Canada.  Tbis  is  an  interesting  point,  as 
the  Swedish  beds  rest  upon  strata  containing  unequivocal  Lower 
Silurian  fossils;  whereas  the  age  of  the  Skiddaw  and  Quebec 
deposits  has  always  been  a  matter  of  some  nncerlainty. 

3.  Middle  Gbaptohtio  Schists. — These  are  beyond  question 
the  equivalent  of  the  inferior  portion  of  the  Moffat  series  of  the 
Soutli  of  Scotland  (the  "  Lower  Moffat  Shales "  of  Mr.  Charles 
Lapworth).  They  are  characterized  by  the  occurrence  of  Climaeo- 
graplus  teretititetdus,  His.,  and  species  of  Dieellograplua  and  Dicrano- 
•jrapius,  together  with  the  total  absence  of  species  of  Monograpim 
and  Rasirites. 

4.  Upper  GuArTOLiTio  Schists. — The  lower  portion  of  these  is 
equally  beyond  doubt  the  precise  equivalent  of  the  "  Coniston 
Mudstones  "  or  "  Skelgill  Series  "  of  the  North  of  England  (and  of 
the  "  Upper  M<rffat  Shales  "  of  the  South  of  Scotland).  They  are 
characterized  by  the  absence  of  Didyraograplaa  and  Dicratiograplvt, 
and  the  presence  of  species  of  XonograpUt».  Botlriiei,  Diptograptus. 
and  Climacograptus.  Beds  of  the  same  age,  and  containing  the  same 
species  of  Graptolites,  have  recently  been  recognized  by  Dr.  Guide 
Stache  as  occurring  in  Carinthia,  and  have  by  him  been  paralleled 
with  tJie  Coniston  Mudstones  (Die  Graptolithen-Schiefer  am  Ostering- 
Berge  in  Karnten). 

5.  Upper  Silckian. — Though  poorly  represented  in  Sweden,  a 
fifth  Graptolitio  zone  exists  (well  developed  in  Norway),  which  is  of 
Upper  Silarinji  age,  and  ie  characterized  by  the  occurrenoe  of  Mono- 
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graplua  priodon,  Bron.,  atid  JtelioUtes  OeiniUianus,  Barr.  The  Bame 
Bpeciea  characterize  the  ti'ue  Upper  Silurian  Hocks  of  tLe  north  of 
England  (Coniston  Flags  and  QrilB),  the  Upper  Silurmn  Bocks  of 
(he  South  of  Scotland,  and  the  same  deposits  in  Wales.  It  seeniH 
Tolerably  certain,  however,  that  the  highett  beds  of  Dr.  Linnarsaon'H 
"  Upper  GraptoHtic  Schiata"  are  truly  referable  to  this  fifth  zone,  and 
are,  therefore,  of  Upper  Siliiriao  age.  This  aeerae  to  he  proved  by 
the  fact  that  the  beds  in  question  are  not  only  lithologically  different 
from  the  lower  portion  of  the  "Upper  Graptolitie  SchiHts,"  but 
contain  Moaagraptug  priodon.  Bran.,  M.  vomeritiug,  Nich..  and  Re- 
tiolitca  GetBtttianvs.  Barr..  all  of  which  are  cUaractoriatic  Upper 
Silurian  species  in  Britain. 

It  may  be  as  well  to  give  here  a  list  of  the  Graptolites  comprised 
in  the  collection  kindly  sent  nie  by  Dr.  Linnarsson,  and  in  so  doing, 
I  have  thought  it  best  in  all  cases  to  adhere  to  the  names  given  by 
Dr.  Linnarsson  himself : — 

I.  OLRHns  Schists.     (Bed  No.  12  of  List,  see  p.  215.) 
1.  Dieiograptiu  teneUvt,  Linnarsaon  ;  Westrogotbia. 

II.  DiCTTONXMA  SoHiBTB.     (Bed  No.  11  of  List) 

1.  DietyonemajlaheUifoTme,'SiV^'9t.;  Scania  and  Ostrogothia. 

2.  Diehograptut  sp. ;  Scania. 

III.  Lower  GRArroLiTio  ScHrsxs.  (Bed  No.  9  of  List.) 
1.  Phyliograplut  angustifoliua.  Hall;  Scania  and  WeBtrogotliitt. 
2. typvt,  Hall ;  Scania. 

3.  Didymograptus  hirundo,  Salt. ;  Scania  and  Westrogothia. 

4.  gtriatnlu*,  Linnarsaon  (MS.) ;  Westrogothia. 

5. sp.  (Comp.  D.  V-fracfua,  Salt.)  ;  Scania. 

G.   Tetragraptua  bryonoides.  Hall ;  Westrogothia. 

IV.  Middle  Graptolitic  Soeists.     (Bed  No.  7  of  List.) 

1.  Dicranograplua  Clingani,  Carr. ;  Scania. 

2.  Dieellograptua  ap. ;  Scania. 

3.  ClimacogrnptuB  tereltugculus.  His. ;  Scania. 

4.  Diplogrupaua  pristia,  His. ;  Scania. 

V.  TaiNncLBus  Schists.     (Bed  No.  5  of  List.) 

1.  DipiogTaplua prialis.  His.;  Daleoarlia,  and  Ostregothia. 

2.  tHeellograptut  elegana,  Carr.  (?) ;  Dalecarlia. 

VI.  Uppkb  Geaptolitic  Schibts.     (Bed  No.  3  of  List.) 

1.  BetioUlea  Geinilzianua,  Barr.  ;  Ostrogothia,  and  Dalecarlia. 

2.  BaitriUa  peregriaus,  Barr. ;  Scania,  and  Dalecarlia. 

3.  GraptoUthut  priodon,  Bronn. ;  Ostrogothia,  and  Dalecarlia. 

4. ■  aagittaritis.  His. ;  Westrogothia,  and  Ostrogothia. 

6. lobiferut,  McCoy  ;  Dalecarlia. 

6.  convolulua,  His. ;  Dalecarlia. 

7. lurriculatita,  Barr. ;  Oatr^^thia. 

8. protens,  Barr.  (?)  ;  Dalecarlia. 

9. lereliuscttlua,  His.  (^icafan'«,His.);WeBtrogothia. 

It  may  not  be  out  of  place  if  I  conclude  these  notes  with  a  brief 
diagnosis  of  four  generic  types  which  I  formerly  placed  in  Dicho- 
grapUit,  but  which  1  am  now  disposed  to  place  in  d\Bt\ii(A  ^qm^-. — 
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17.  Tbicuoorapttjs,  Nich. — Frond  bilaterally  symmetrical,  com- 
pound nnd  branching,  composed  of  two  moaoprioniilian  stipes, 
-which  proceed  from  a  triangular  sicula,  and  give  ongia  to  a  series 
,  of  simple  monoprionidian  sttpea,  which  arise  solely  from  the  celluli- 
ferous  side  of  the  main  stipes.  No  disc.  Cellules  of  the  type  of 
Monograpttu  Nihuoni,  Barr.     (PI.  IX.  Fig.  2.) 

This  genua  is  diatinguiahed  from  JJiehograplm  proper  by  the 
abaeoce  of  a  funicle,  and  the  fact  that  the  secondary  branches  are 
given  off  only  fr«m  one  side  of  the  two  main  stipes.  The  frond 
ihuB  resembles  a  refiexed  ZHdymograptvi,  the  stipes  of  which  give  off 
branches  from  one  side  only,  and  that  from  their  celluliferous  aspect. 
The  type  of  the  genus  is  T.  (Dichograplns)  fragiUn,  Nich.,  from  the 
Upper  Skiddaw  Slates  (Ann.  Nat,  Hist.,  str.  4,  vol.  iv.  pi.  xi, 
figs,  1-3).  The  Diehograptiis  tenellua  of  Linnarsson,  from  the 
"  OlenuB  Schists,"  also  belongs  here. 

b.  SceizoattAPTOS,  Nicli. — Frond  compound,  formed  of  four  prin- 
cipal stipes,  which  radiate  in  a  cruciform  manner  from  a  short 
central  funicle.  Each  of  the  primary  stipes  in  turn  g^ves  rise  to  ft 
series  of  rigid  secondary  branches,  which  spring  from  the  same  ado 
of  the  same  stipe,  nearly  at  right  angles,  and  apparently  do  not 
subdivide.  Cellules  of  the  type  of  Monograpttu  gagiUariut,  His.  No 
disc,  (PI,  IX.  Fig.  3.)  The  genus  maybe  compared  to  a  form  such 
as  TetragraptM  quadribrachiaius.  Hall,  in  which  each  of  the  primary 
Blipes  gives  off  branches  on  one  eido.  Tho  typo  of  the  genus  is  S. 
[Ilirliograptits)  reliculalus,  Nich.,  fiTjiii  the  Lower  Skiddaw  Slates 
(Quart.  Joum.  Geol,  Soc.,  vol.  xxiii,  pi,  v.  figs.  4  and  5). 

c.  Teksograptus,  Nich. — Frond  branching  and  rebranching; 
composed  of  four  primary  stipes,  which  radiate  from  a  short  central 
funicle,  and  then  divide  repeatedly  and  dicholomomly  at  nearly 
regular  intervals.  Cellules  apparently  of  the  type  of  Monograptm 
tayitlariua.     No  disc.      (PI,  IX.  Fig.  1.) 

The  frond  in  this  genus  may  be  compared  to  a  Tetragraptut,  in 
which  each  of  the  four  main  stipes  divides  dichotomously,  the  branches 
thus  produced  dividing  repeatedly  in  a  similar  manner.  The  type  of 
the  genna  is  T.  (Dichograptua)  multiplex,  Nich.,  from  the  Lower 
Skiddaw  Series  (Quart.  Joum.  Geol.  Soc,,  vol.  xxiii.  pi,  vi.  figs.  1-3). 
The  generic  distinctness  of  this  type  has  previously  been  recognized 
by  Mr.  Lapwortb  (Okol.  Mag.,  Dec,  1873) ;  and  it  is  probable  that 
UraplolithuB  Milesi,  Hall,  may  be  regarded  as  belonging  to  this  genus. 

d.  Ctenogbaptus,  Nich.  —  Frond  branching  and  rebranching. 
Cellules  extraordinarily  close-set,  the  cell-mouths  running  directly 
aci-oss  the  stipes,  as  so  many  linear  slits.  Base  unknown.  The 
type  of  this  genus  (which  I  have  only  established  provision  ally)  is 
C.  (liichegraplus)  o?mti/a(tiH,  Nich.,  from  the  Lower  Skiddaw  Slates 
(Ann.  Nat.  Hist.,  ser,  4,  vol.  ii.  pi.  xi.  figs.  4  and  5).  From  the 
characters  of  the  cellules  it  is  certain  that  this  form  must  be  separated 
from  Dickograpluf  proper,  from  which  its  mode  of  branching  also 
distinguishes  it;  but  the  materials  in  my  hands  are  not  sufficient 
for  a  complete  or  satisfactoiy  diagnosis,     (PI.  IX.  Fig,  4.) 

For  tbe  better  underBtandiug  of  the  form  of  the  four  above- 
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mentioncil  generic  typeB,  I  have  added  the  aonexed  diafj^mmatio 
sketches,  from  which  their  leading  peculi*ritieB  will  be  readily 
peic«ived. 

EXPLANATION  OF  PLATE  IX. 
Fro.   1. — Timnogrmpliu  {IticAoprepiKi)  muliipUx,  Nich.    Skjddkw  SlktM.  Nat.  nze. 
„      i.—  Ttichogmpliu  {Dichegraplut)  fragilit,  Nicb.     Skiddaw  Slato.     Nat.  tite. 

¥\^.  2d.  Foitiaii  of  the  same  enlarged. 
„      3.-^8cl\laijraptia  (IHchagraplia)  riticutalM,'SH'a.  Sklddaw  Slatea.    Nat  size. 
„      i.—CUnograplHi   {Dichagraplu'^   .u,j-'-,',(,'r^-.   Nidi.       Skiddaw  Slataa.      Nat. 
si/e.     Fig.  -la.  FortJon  of  ii  lir.imli  <>>  the  mhih  i-nlai^ed. 


III. — SOHK   GORSIDKBATtOHS    Dir   THE   PboBABLE   CoimiTIOKe    VNDIR 

WHICH  THK  Palsozoio  Kooss  wxbe    Dipobiiid    ovxb    the 

NOBTHIRII  HEMiePUKSI. 

B7  Hekbt   Hicks,   F.O.S. 
{Cmtimitdfnm  pagt  218.] 

lgneo»»  Action  and  Metamorphiim. — I  have  alreadj'  referred  to  the 
fact  that  igneons  emptioDs  were  frequent  during  Palceozoio  time. 
Ag  far  as  there  is  any  evidence  at  present,  they  do  not  appear  to 
have  taken  place  during  the  Gamhrian  Epoch  either  in  Europe  or  ia 
North  America.  In  Europe  contemporaneous  tuffs  or  ashes  are 
found  for  the  first  time  in  the  succoBaion  in  the  Areiiig  rooks ;  and 
in  America  abont  the  same  period,  or  perhaps  a  little  earlier.  By 
referring  to  the  Table,  p.  156,  it  will  be  seen  that  the  contempo- 
raneouB  traps  also  occur  only  in  the  areas  which  had  undergone 
most  depression,  or  where  the  greatest  amount  of  sediment  had 
ivccnniulated.  Sir  J.  Herschel  has  urged  as  a  reason  for  this  that 
the  crust  after  a  continued  period  of  depression  would  descend  to  n 
point  where  the  heat  would  be  sufficiently  great  to  molt  it  through, 
or  to  weaken  it;  and  that  as  a  consequence  fractures  would  take 
place,  and  there  would  then  be  a  corresponding  rising  of  heat  and 
fiery  matter  from  below,  to  that  of  the  accumulation  of  the  sediments. 

That  a  gieat  sea  of  molten  malter  occurred  at  that  time  at  a  depth 
of  probably  no  less  than  25  miles,  and  not  more  than  60  miles,  there 
can,  I  think,  be  no  doubt,  for  in  no  other  way  can  we  account  for 
the  gradual  depression  of  so  large  an  area  of  the  Northei'n  Hemi- 
sphere, and  of  the  subsequent  movements  which  took  place.  That 
the  melting  point  even  then,  however,  could  not  have  been  much 
nearer  the  surface  than  25  miles,  is  evident  from  the  fact  that  sedi- 
ments which  were  buried  at  a  depth  of  at  least  50,000  feet  were 
scarcely  at  all  altered  by  the  combined  heat  and  pressure  to  which 
they  were  subjected. 

in  the  south-west  part  of  Wales  the  succession  from  the  base  of 
the  Cambrian  to  the  Carboniferous  is,  as  already  stated,  perfectly 
continuous,  and  there  is  no  indication  anywhere  of  a  break.  The 
same  folds  have  affected  the  whole  series,  and  they  lie  in  perfect 
conform  ability  the  one  on  the  other.  All  the  beds  also,  from  the 
base  upwards,  where  there  are  no  intrusive  masses,  are  free  from 
any  of  the  usual  signs  of  metamorphism,  and  the  fossils  are  there- 
fore well  preserved.  The  reason  why  these  beds  are  so  little  altered 
may  be  due  to  the  fact  that  this  area  was  intermed\e.l&  \u  ^wIv'wit^ 
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betweeu  tb©  more  distiirbetl  and  perhaps  deeper  area  of  Nortli 
Walea,  and  the  sloping  pre -Cambrian  ridge  to  the  south.'  It 
was  therefore  most  favourably  placed,  and  was  almost  out  of  the 
influence  of  tbe  molten  matter  which  elaewliere  was  bciug  so 
generally  injeoted  among  the  sedimenU,  and  which  produced 
metamorphism  everywhere  in  its  neighbourhood.  In  North  Wales 
all  Ihe  series  show  indications,  more  or  less,  of  being  altered  by 
beat,  snd  as  volcanos  were  then  active  in  that  region,  it  is  evident 
that  the  change  is  chiefly  to  be  attributed  (o  proximity  to  tliese 
iutruKiona,  The  portions  of  the  old  pre-Cambrinn  crust  brought  up 
in  Pembrokeshire  at  the  base  of  these  unaltered  beds  are  highly 
melamorpbosed,  and  they  were  donlitless  in  this  atate  before  tbey 
were  depressed  to  receive  the  Cumbrian  and  succeeding  sediments, 
for  every  part  of  this  old  pre-Cambrian  land  that  has  been  exposed 
is  found  more  or  less  in  that  condition.  As  all  the  Cambrian 
and  Silurian  rocks,  however,  are  now  consolidated,  it  is  of  coorse 
important  to  know  what  degree  of  beat  is  necessary  to  produce 
that  state  only,  and  what  to  produce  the  further  change  of  raeta- 
moi-phism.  Fortunately.  !>y  watching  the  effects  produced  by  a 
trap-dyke  in  passing  through  any  sorics,  it  is  ]X)saible  to  arrive 
at  some  idea  of  the  amount. 

In  my  paper  "  On  tbe  Occurrence  of  Phosphates  in  the  Cambrian 
Eocks,"'  the  change  effected  l>y  heat  derived  from  a  trap-dyke  on  a 
sedimentary  rock  (in  the  Menevian  group)  and  in  its  organic  contents 
was  shown.  The  chief  alteration  produced  by  the  intrusive  mass 
in  this  rock  for  a  considerable  distance  on  each  side  was  to  cause 
cleavage  and  a  deepening  of  the  colour,  to  remove  carbonate  and 
phosphate  of  lime  and  all  evidences  of  such  substances  aa  the  horny 
texture  of  the  shell  of  Brachiopoda,  Crustacea,  etc. 

Now,  as  these  Menevian  rocks  in  Pembrokeshire  must  have  been 
at  a  depth  of  at  least  40,000  feet  before  the  movements  took  place 
which  brought  them  to  tbe  surface  at  the  close  of  the  Palseozoic,  it  is 
evident,  from  the  atate  of  tbe  rock  at  present,  and  of  the  organic 
remains,  that  the  beat  at  that  depth  was  not  sufficient  to  produce 
much  change  in  the  rock  or  in  tlie  fossils — the  shells  of  the  fossils 
being  quit£  perfect,  and  apparently  unaltered  by  heat,  and  phosphate 
and  carbonate  of  lime  present  in  abundance.  This  fact,  in  my 
opinion,  is  of  more  importance,  in  regard  to  the  seat  and  depth 
of  internal  heat,  than  any  evidence  that  can  be  derived  from  exami- 
nation of  the  temperature  in  mines  and  deep  sinkings  at  present. 
For  tbe  depth  was  much  greater,  and  the  evidence  is  deriyed  from 
an  earlier  period  in  the  history  of  the  globe.  To  my  mind  this 
evidence  tends  strongly  to  prove  that  the  heat  has  a  deep-seated 
source,  and  that  it  is  not  dependent  on  actions  going  on  in  the  outer 
crust  oidy.  Prof.  Mohr's  recent  experiments  '  to  show  that  the  rate 
of  increase  of  temperature  diminished  in  a  constant  ratio  with  tbe 

'  A  portion  of  the  Malvern  range  is  probablj'  In  the  line  of,  and  fanned  part  of 
thi*  ridge. 

•  CJunrt.  Journal  (Jeol.  Soc.,  Angiiat,  1876- 
'  Neaee  Jaiahach,  1875,  ItU  part,  p.  3T1. 
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depth,  do  not  refute  the  doctrine  of  Plutonio  heat,  or  of  a  great  sea 
of  deep-seat«d  lloid,  as  he  eupposes;  nor  do  they  really  lead  to  the 
infereiice  that  the  intemul  temperature  \a  the  result  of  actions  goia^ 
on  in  the  outer  crust.  Thoy  prove  rather,  for  the  depth  ezarained, 
^0^2  fi-ri  (inly,  thikt  i\\<-  im.reiisoil  upper  heat  may  be  due  entirely 
to  Bome  local  or  anperfioial  cause,  and  that  the  internal  heat  there 
is  at  a  Boffioient  depth  not  to  balance  the  effects  at  thla  comparatively 
Buperficial  point. 

The  chief  oonclaaiona  to  he  derived  from  the  foregoing  remarks 
are,  that  igneoos  emptiona  in  Palieozoio  time  were  chiefly  ccn- 
fined  to  the  regions  which  became  first  submerged,  and  the  im- 
mediate cause  of  these  ontbnrsta  seems  to  have  been  the  weakness  of 
the  pre-Camhrian  eraet  at  those  parte,  in  consequence  of  the  great 
depression  that  had  taken  place,  and  from  being  too  thin  there  to 
resist  the  preseure  from  within,  and  to  bear  the  weight  of  the  super- 
incumbent mass  of  soft  sediment;  that  the  seat  of  igneous  action  at 
that  time  was  at  a  very  considerable  depth,  as  sediments  which  were 
depressed  to  a  depth  of  from  9  to  10  miles  do  not  indicate  that  they 
had  been  subjected  to  the  effect  of  any  great  amount  of  heat ;  that 
sediments  which  have  been  buried  under  60,000  feet  of  strata,  and 
ivhich  consequently  must  have  been  subjected  to  the  conditions  of 
teat  and  pressure  existing  at  that  depth,  are  found  not  to  be  sensibly 
altered  ;  that  in  the  same  rocks  the  passage  of  a  trap-dyke  caused  a 
very  considerable  change  in  the  mineral  ingredients  in  its  neigh- 
hourhood  ;  and  hence  that  metamorphisra  a»  a  nih  may  be  assuraed 
lo  be  due  to  proximity  to  intrusive  matter,  or  to  heat  derived  from 
the  interior  of  the  earth,  and  not  to  pressure. 

Climate  and  Succession  of  Life The  influence  which  the  Tarions 

changes  which  took  place  in  the  earth's  crust  during  Palfeozoic  time 
had  on  the  auccessiou  and  development  of  life  must  have  been  great, 
and  no  idea  can  be  formed  of  the  probable  onler  in  which  progress 
took  place  aoless  these  various  influences  are  thoroughly  considered. 
In  reviewing  those  causes,  1  may  be  allowed  to  return  to  a  period 
but  slightly  touched  upon  in  this  paper,  and  which,  in  shnwing  us 
the  very  earliest  known  indications  of  life,  must  yield  evidence  of 
importance.  In  the  Laurentian  rocks  which  formed  the  pre-Cam- 
hrian continents,  we  have  indications  in  the  beds  of  limestone  of 
an  abundance  of  marine  life  of  a  low  type,  and  in  the  graphite  and 
iron-ore  of  vegetation.  The  graphite  is  supposed  by  most  authorities 
to  have  been  derived  from  aigte  or  marine  plants ;  but  I  think  that  it 
must  have  been  derived  from  land  vegetation,  as  it  alone  seems  to 
have  that  power  or  persistency  of  fibre  sufficient  to  allow  such 
changes  to  have  been  produced  in  any  great  amount  out  of  its 
structure.  Moreover,  if  alga;  could  form  beds  of  this  description, 
surely  they  would  be  much  more  frequent  in  the  succession  after- 
wards, as  an  abundance  of  marine  vegetation  must  have  prevailed 
where  marine  animals  such  as  were  then  common  occurred.  Again, 
the  soft  cellular  structure  of  the  algee  renders  them  liable  to  very 
rapid  decay,  and  hence  of  solution.  The  presenoe  at  this  period  of 
limestone,  iron-ore,  and  graphite,  naturally  calls  to  mind  tW  ccn^- 
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ditinns  prevalent  during  tho  Carboniferous  perioti  of  Palseozoic  time. 
In  I  ho  cycle  of  changes  which  took  place  in  pre-Cambrian  (imes,  we 
find  first  great  and  high  continents,  with  small  marine  areas  in  the 
nonhern  latitudes,  and  conBequently  a  climate  probably  of  extreme 
cold.  Thin  would,  of  oouree,  be  most  unfavourablo  to  life,  and  if 
life  then  existed  on  the  globe,  it  would  be  in  the  areas  probably  aboat 
the  Equator,  where  heat  and  moisture  would  favour  change  and 
progress.  Ab  the  continents  become  depressed,  and  water  spread 
more  freely  over  the  Northern  Hemiaphere,  as  we  know  it  did  to- 
wards the  olose  of  the  Lower  Laurontian,  a  mild  climate  would  be 
the  consequence,  and  the  marine  and  land  life  would  in  a  degree  be 
like  that  towards  the  close  of  the  Palteuzoic  in  the  next  cycle.  At 
the  cloae  of  the  Lower  Laurentian,  large  areas  were  upheaved,  and 
though  they  were  again  [lartly  submerged,  other  upheavals  took 
place,  and  the  continents  were  then  raised  to  the  stat*  in  which  they 
were  in  before  the  depression  commenced  in  which  the  Cambrian 
rocks  were  deposited.  The  first  cycle,  therefore,  in  tho  Northern 
Heiuispliere  was  unfavourable  as  &  whole  to  the  development  and 
prioress  of  life  in  the  higher  latitudes,  the  first  and  last  parts  being 
periods  probably  of  cold,  and  tho  middle  only  mild  and  moist,  or 
such  as  would  favour  life. 

The  early  Cambrian,  for  the  same  reason,  was  a  period  unfavour- 
able to  iife  in  the  higher  latitudes  ;  and  hence  we  find  that  forms. 
of  life  suitable  to  Ihe  changes  which  were  gradually  taking  place 
migrated  towards  the  areas  from  southern  points.  That  it  was  a 
cold  epoch  is  evident  from  the  fact  that  the  pre-Cambrian  continents 
occupied  very  extensive  areas  in  the  higher  latitudes,  and  that  they 
were  traversed  by  mountainous  ranges  attaining  in  some  cases  to 
great  heights.  At  no  time  since,  unless  in  the  Glacial  period,  does 
there  seem  to  have  been  so  much  land  in  the  higher  latitudes,  and 
it  is,  therefore,  reasonable  to  suppose  that  in  the  earlier  stages  at 
least  of  the  epoch  the  climate  was  one  of  great  cold.  As  the  land 
became  submerged,  a  state  of  gradual  transition  to  a  milder  climate 
would  be  tho  consequence. 

Along  with  the  increasing  distribution  of  water  in  the  Northern 
latitudes  we  have  indications  in  the  faunas  that  a  change  was  taking 
place  in  the  temperature  of  the  seas  over  those  areas.  For,  in  addi- 
tion to  the  forms  {Trilobiies,  etc.)  which  were  present  at  first,  and 
doubtless  capable  of  inhabiting  seas  of  low  temperature,  we  find 
others  gradually  coming  in  which  could  only  have  lived  in  temperate 
or  warm  seas.  Tlie  presence  of  on  abundance  of  corals  and  certain 
forms  of  Cephalopods,  towards  the  close  of  the  Lower  Silurian,  is 
strong  evidence  that  by  this  time,  at  least,  warm  currents  or  seas 
of  moderately  high  temperature  prevailed  over  the  areas  to  a  tolerably 
high  latitude  on  both  sides  of  the  Atlantic 

The  warmer  or  more  equatorial  points  seem  to  have  been  the 
home  of  the  earlier  forms  of  life,  and  it  was  there  probably  that 
the  chief  changes  in  development  took  place. 

From  these  points  they  gradually  migrated  northwards  as  the 
conditions  became  t'avourablei  and  the  groups  aa  they  successively 
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appeared  always  contiuneid  evidence  of  advance  in  development  over 
those  wliich  had  preyioiiBly  reuched  the  ai'eas. 

In  (be  Cambrian  and  Lower  Silurian  deposits,  tbe  lineB  of  migra- 
tions of  the  faunas  are  easily  followed  out,  for  they  advanced  generally 
nIoDg  areas  of  deepest  eubmergencc  only;  and  even  after  most  of 
ibe  livnd  had  been  completely  submerged,  tbe  tendency  in  the  faunas 
to  fallow  the  former  lines  is  still  shown  in  tbe  appearance  of  tbe 
higher  forms  of  marine  life  {Vertebrates)  in  earlier  rocks  over  the 
western  areas  of  Europe  than  in  the  more  eastern  areas. 

Tbe  Devonian  Epoch  is  the  first  stage  in  the  succession  which 
pves  decided  proof  of  how  far  life  on  (ho  land  had  progressed  oim- 
lemponiiieoiislv  wilh  miirinp,  life.  The  a.Jvnnoo  mmle  in  land  life 
ii.^^s  II.. t  <'-<A\\  t.i  Imvo  lM.,..r]_mu.:li  WWnv\  tljat  in  tli"  scii,  Lind  it  is 
evident  that  it  bad  been  going  on  gradually  on  the  portions  of  the 
old  land  remaining  above  tbe  water,  and  that  it  had  attained  this 
state  by  encoeseive  steps  in  the  long  ages  indicated  by  the  Laurentian, 
Cambrian  and  Silurian  periods.  At  the  time  the  pre-Gambrion 
continent  commenced  to  subside,  tbe  climate  was  probably  too  severe 
to  allow  v^;etation  to  have  progressed  to  any  great  extent  on  Janda 
in  the  higher  latitudes;  bnt  as  the  land  be<»me  depressed  and  the 
climate  milder,  the  portions  still  above  water  became  clothed  with 
abundant  vegetation,  and  inhabited  by  the  lower  forms  of  terrestrial 
life.  All  these  facts  tend  to  show  that  life  on  land  and  in  tbe  sea 
progressed  chiefly  in  warm  areas,  and  that  the  northern  latitudes 
were  not  on  the  whole  favourable  in  the  earliest  time  to  this  progress. 
This  is  the  explanation  to  my  mind  why  tbe  record  is  not  more 
perfectly  preserved  to  us  in  these  northern  regions,  which,  from 
these  very  circumstances  of  repeated  change,  is  almost  the  only  one 
now  open  to  our  examination. 

IV. — On  the  Theortof  the  Ebosion  of  Lakb-Basins  bt  Glaciers. 
By  Mr.  0.  FisHyE,  Clk.,  M.A.,  F.G.S. 

IT  is  now  more  than  eleven  years  since  I  ventured  to  take  a  part  in 
the  discussion  tlien  raised  by  Professor  Ramsay  having  lately 
published  his  celebrated  theory  of  the  Erosion  of  Lake- Basins  by  the 
lower  ends  of  Glaciers,  where  they  may  have  formerly  expanded 
over  a  more  level  country,  beyond  the  confines  of  their  parent 
valleys.  It  appears  to  be  admitted  that  a  great  many  takes  lie  in 
positions  where  it  would  be  natural  to  suppose  them  so  formed,  if 
only  glaciers  could  have  possessed  the  erosive  powers  necessary  for 
the  purpose.  The  positions  of  the  deeper  parts  of  the  lakes  also 
accord  well  with  the  theory. 

Mr.  Bonney,  than  whom  there  are  few,  if  any,  more  competent 
glaoialists,  says,  in  the  last  Number  of  this  Magazine  (p.  197),  that 
his  Ittle  observations  have  confirmed  him  in  "  regarding  a  glacier  as  an 
agent  of  abrasion  rather  than  of  erosion,"  and  that,  "where  the  ice 
rests  on  the  level  or  stony  plain,"  the  subjacent  materials,  so  far  as 
he  could  make  ont,  "  are  liltle  if  at  all  disturbed  " ;  and  he  "  feels 
convinced  great  caution  must  be  exercised  in  refemng  to  their 
action  a  rock-bosiu  of  even  moderate  dimensions."    Without  vo.  o^a'j 
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dogroe  questioning  the  correctness  of  Mr.  Bonney'e  observations,  or  of 
his  ilirect  cnncluBJonB  from  them,  il  Biill  seems  that  the  possibility  of 
tlie  erosion  of  a  great  lake  by  a  glncier  has  not  been  dieproTed,  For 
the  asBuiaption  made  by  Professor  Hamsny  of  the  immense  extension 
of  the  ice,  brings  tlie  case  under  wholly  different  conditions  from  any 
which  can  be  now  obiertied,  because  the  present  Swiss  glaciers  do  not 
extend  over  such  localities  as  would  be  favourable  to  the  excavation 
of  lakes,  and,  even,  if  they  did  bo,  observations  made  nt  their  edges 
oonld  tell  us  little  of  what  may  have  gone  on  beneath  the  central 
parts  of  a  considerable  ice-field.  , 

It  is  satisfactory  to  find  that  Mr.  Bonney  gives  the  weight  of  fais 
authority  to  nphold  Forbes'a  opinion  that  ice  is  plastic.  There  can 
bo  no  doubt  that,  when  sufficient  masses  are  under  consideration, 
and  sufficient  time  is  allowed,  it  affects  on  a  large  scale  the  move- 
ments of  a  liquid  under  the  action  of  gravity.  Thus,  if  two  portions 
of  glacier  ice  of  unequal  height  were  plaeed  side  by  side  in  a  con- 
taining hollow,  the  more  lofty  moss  would  hnv&  its  lower  parts 
pressed  out  laterally  into  the  lower  parts  of  the  other,  raising  its 
surface  until  the  two  become  sensibly  of  the  same  height.  Hence 
we  see  two  tributary  brancheB  of  a  glacier  unite  to  form  one  trunk 
glacier  of  a  uniform  level,  whose  surface  obeys  the  same  laws  of 
form  as  that  of  a  river,  swelling  slightly  above  the  general  plane 
where  fho  supply  of  material  is  more  rapid,  and  the  motion  greater. 
Hence  also  a  glacier  fills  successively  the  narrower  and  wider 
portions  of  its  bed.  But  thin  ncoommodation  of  Iho  form  to  the 
requirements  of  gravity  is  a  slow  process ;  as  is  shown  by  the  ice- 
walls,  exposed  for  some  distance  where  the  glacier  has  lately  passed 
a  projecting  cape  of  rock  ;  for  at  such  a  place  the  ice  has  already  a 
longitudinal  motion ;  while  the  transverse  motion,  in  virtue  of 
which  it  eventually  fills  the  wider  channel,  lias  to  be  set  up  d«  novo 
after  it  has  passed  the  naiTow. 

This  is  the  source  of  the  so-called  vii  a  iergo.  For  the  tendency 
of  the  ice,  descending  its  rocky  channel,  is  to  heap  itself  up  at  any 
point,  until,  becoming  too  heavy  to  bo  supported  by  the  rigidity  of 
its  parts  and  the  friction  of  its  rocky  bed,  and  pressing  outwai'ds  in 
all  directions,  it  is  constrained  to  move  forwards,  and,  if  there  be 
liberty  to  do  so,  also  sideways,  since  it  cannot  force  back  the  weight 
behind  it. 

Let  uB  Buppose  that,  under  the  influence  of  this  pressure,  the  end 
of  the  glacier  is  expanded  over  a  comparatively  plane  country. 
And  perhaps  the  eimplest  mode  of  considering  whether  it  could 
excavate  a  lake-basin  will  be  to  consider  a  basin  already  existing, 
and  to  inquire  whether  it  would  be  competent  to  deepen  iL  For  if 
it  could  do  ihut.  no  doubt  it  could  originate  it 

My  object  then  in  writing  this  is  to  refer  to  what  seems  to  me 
a  point  of  great  importance  which  J  put  forward  in  my  second 
letter  to  the  Rentier  of  April  &,  1664,  and  which  I  do  not  re- 
member to  have  seen  adverted  to  in  any  of  the  discussions  oh 
this  question.  If  ice  were  to  fill  a  lake-basin,  it  must  necessarily 
be  under  hydrostatic  pressure;  that  is,  there  must  be  a  stratum 
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of  water,  more  or  less,  betwsieii  it  and  the  bottom  of  the  rock- 
basin.  This  circuinEtance  seeoia  to  have  been  lost  sight  of.  It 
would  be  neoessary  for  the  ice  to  rise  to  a  certaia  height  above  tbo 
level  of  the  outlet  of  the  baain,  in  order  to  allow  it  to  touch  the 
bottom  anywhere ;  and  wherever  it  did  so,  it  would  be  thawed  by 
contact  with  the  rock,  and  so  a  continual  circulation  of  water  would  be 
kept  up  from  even  the  deepest  parts  of  the  basin  towards  the  outflow. 
Hence',  in  addition  to  any  abmding  power  which  might  be  esercised 
by  llif  iiiiiiion  of  tlic  iue.  tliiMigh  inettna  of  the  stontia  and  grit  in  it, 
(ir  ii.rwi.irj  i(  ;yiiil  liji-  inik.  there  wrjuld  be  a  certain  amount  of 
vKter  action  besides,  carrying  away  at  onoe  all  tlie  minutely  divided 
partioles,  such  as  we  now  see  to  render  glacial  streams  tarbid,  and 
also  hurrying  through  the  ohanneU  where  the  contact  of  the  ice  and 
lock  was  less  dose,  and  there  exercising  the  ordinary  abrading 
power  of  water. 

It  ia  not  very  easy  to  determine  by  what  course  the  main  volume 
.  of  water,  which  formed  the  sub-glacial  river  liefore  it  reached  the 
lake,  wonld  make  its  passage  through  it.  If  the  height  of  the  ice 
above  the  outflow  was  so  great,  that  the  ice  was  kept  pressing  on  the 
bottom,  the  river  must  have  fouud  its  channels  along  the  sides  of  the 
lake,  thus  tending  to  widen  it.  But  if  the  thickness  of  the  ioe  was 
not  sufficient  for  that,  it  would  flow  underneath.  In  any  case,  the 
greater  portion  of  the  basin  being  occupied  by  ice,  the  water  channels 
must  have  been  greatly  confined,  bo  that  it  is  very  probable  that  the 
streams  among  the  ice  masses  would  have  been  sufficiently  rapid  to 
have  exercised  an  abrading  power  of  their  own.  Besides  this,  if  the 
mosses  of  ice  were  too  lofty  in  proportion  to  the  depth  of  the  basin 
to  be  floated,  the  water,  when  occasionally  pounded  back  by  them, 
would  force  them  along  the  bottom :  reproducing  on  a  small  scale 
the  phenomena  of  a  grounded  ioe-paok.  At  any  rate,  it  appears  that 
the  presence  of  this  water  ought  greatly  to  modify  the  conditions 
of  all  reasoning  upon  this  interesting  question. 

V. — Skkoh   of  thb  Gkoi^g?  of  Ick  Sound  and  Bell  Sound, 

SpITZBtEROEN. 

Bf  Professor  A.  E.  Nordenskidld,  of  Stockbolm ; 
For.  Corr.  Geol.  Soc.  Lond. 
Part  IV. 
(Canduded  from  thf  March  Ifumter,  pagi  127.) 
Vin.   Cretaceous  Bedi. — During  our  previous  Expe<Htion8  we  had 
not  fallen  in  with  any  strata  belonging  to  this  period  on  Spitzbergen  ; 
but  in   the  beginning  of  the    Expedition   of  le72  I  had  the  good 
fortune  to  supply  this  missing  link  in  the  geology  of  Spitzbergen 
through  the  very  unexpected  discovery,  in  the  imuiediate  neighbour- 
hood of  the  Tasodium  strata  at  Gape  Staratschin,  of  fossil  plants, 
which  had  an  unmistakable  reference  to  the  fossils  which  I  brought 
home  some  years  ago  from  Korae  in  Greenland  (Lower  Cretaceous). 
A   closer  examination  by  Professor  Heer  showed  that  this  suppo- 
sition was  so  iax  correct,  inasmuch  as  the  strata  in  question  truly  be- 
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longed  to  tho  CretaceoiiB  scries,  thoiigli  occupying  a  position  nioro 
recent  lliaa  the  Kome  strata  in  Greealaiid. 

The  outermost  part  of  Iho  peninBula,  which  in  our  more  recent 
maps  of  Spitzbergen  is  named  Cnpe  Staratschin,  is  known  among 
the  whalers  by  tho  name  of  "the  Fastnoss"  (F^stningen).  on  account 
of  a  high  sanJstone  ridge,  which  liere,  like  a  wall  built  by  human 
hands,  runs  for  some  dislanco  over  the  low  flat  close  to  the  shore, 
and  tima  project*  into  the  eea,  forming  a  rocky  island  with  precipitous 
sides  shaped  tike  a  parallclopiped  separated  from  the  main  land  by  a 
small  sound.  This  "  wall "  is  formed  of  a  vertical  stratuni  of  a  verj- 
hard  quartzite-like  sandstone,  which  has  withstood  better  than  the 
surrounding  strata  tho  disintegrating  action  of  the  atmosphere,  llie 
ice  and  the  frost  It  forms  there  the  boundary  between  tlio  Jurassic 
and  the  CretaceouB  strata.  Closo  to  the  outer  side  of  this  sandstone 
ridge  are  to  bo  found  schistose  strata  wilh  Jurassio  fossils  (Aitceila 
moBgwngie,  Belemnite*,  Ammonilet  tripUeattu  f),  and  close  to  the  inntr 
side  a  gi-ey  sandy  schist  with  chalk  fossils.  At  the  outermost  jwint, . 
there  is  to  be  Been,  on  the  inner  side  of  the  vertical  sandstone  stratum, 
the  impression  of  a  tree-stem  5  metres  high  and  0-a  metre  broad,  which, 
to  judge  from  the  way  in  which  it  has  been  pressed  together, 
belonged  to  some  hollow -stemmed  plant,  or  some  plant  wiib  a  »of\ 
woody  tissue,  and  the  same  sandstone  bed  is  strewn  over  with 
large  but  indtBtbiguishahle  vegetable  remains.  On  a  closer  exami- 
nation of  the  surrounding  strata,  I  had  the  good  fortune  to  find  in 
addition  impressions  of  pianfe  which  could  be  detonnincd.  These 
occur  most  abundantly  in  a  greyish  black,  moderately  hard  sandy 
scl list,  which  forms  vertical  strata  immediately  within  the  qoarfzite 
or  sandstone  stratum  just  mentioned.  The  number  of  the  species 
which  Heer  could  determine  is  sixteen,  namely  : — 

A.     Feh!^B.  8.  JraucanUt  NordmiiibMii.HeeT.^ 

1.  A/pltnium  Juktuirupi,  Heer. 

3,  Sphcnoplerit  hgperboria,  Heec. 

4.  Thiofildia  ari-tica,  Heer. 
fi.  ScUrophyUina  crttoia,  S. 


':  EguUetum  sp. 


Srquoia  EtichtHbaehi,  Gein.,  sp, 
IV.  Siqaoia  rigida,  Heer. 

11.  Sequoia  fattigiata,S. 

12.  Finui  PttetetHi,  Heer. 

13.  rinut  QveHiledIi,  Heer. 

14.  fiam  Utarattckim,  Heer. 
16.  Fi„M  sp. 

D.       MONOCOTILBDONS. 

15.  Hi/pogUtiiiliuai  antiquum,  Hkki, 
2  indeterminable  epecjes. 


7.  Phylloctaditn  rolundifoliw,. 

Of  these  species,  six  occur  in  the  Lower  Cretaceous  strata  of  Green- 
land (Kome  strata),  and  seven  in  the  Upper  CretaceouB  strata  (Atane 
strata),  whence  Heer  comes  to  the  conclusion  that  the  Cretaceous 
strata  at  Cape  Staratschin  have  been  deposited  during  the  middle 
of  the  Cretaceous  Period.  The  moat  common  fossil  consists  of 
branches,  o" -flowers,  and  cones  of  Sequoia  Reichenbachi. 

Among  the  Conifers  enumerated  by  Heer,  there  is  a  very  large 
cone  of  Aravcnritea.  This,  however,  was  not  found  at  "the  Fast- 
ness," hut  four  to  five  kilometres  further  east,  at  the  entrance  to 
Green  Harbour,  and  likewise  in  the  neighbourhood  of  a  hard  sand- 
1  Tbu  species  k  from  another  locality.     See  below. 


Prof.  A.  E.  Nordensh&ld — Geology  of  Spitzhergen.       957 
■tone  stratum,   which  probably  forms  a  coatinuation  of  that  JQSt 


Between  t.he*e  two  localities  for  Crelaoeous  plants  thero  lies  the 
Tiuodium  bed,  bo  esti-aordinarily  rich  in  Miocene  impressiona  of 
plants,  whoso  fossils  have  been  described  by  Heer,  in  "  l)ie  Miocene 
Flora  und  Fauna  Spitsbergen s,"  Vet.  Akad.  Handl.  B.  8.  No.  7.  It 
is,  however,  very  difficult  to  make  out  where  the  boundary  ought 
to  be  drawn  between  the  Miocene  strata  on<l  the  Cretaceous  strata  ; 
and  it  is  possible  that  a  conaidernble  part  of  the  greenish-grey  saud- 
Btone.  which  forms  the  high  ridge,  rising  to  a  height  of  2000  feet, 
between  Greon  Harbour  and  Advent  Bay,  and  which  I  have  looked 
npon  aa  Uiooene,  haa  been  deposited  during  the  Cretaceous  period. 
Tikese  strata  do  not  oontain  any  fossils  by  which  to  determine  with 
certainty  their  see.  The  foot  of  the  mountain  itaelf  ia  formed  in  all 
probabili^  of  Jurassio  strata.  There  ooour  in  many  places,  for 
example  near  the  aea-shore  between  Advent  Bay  and  Coal  Bay,  in 
the  precipitouB  shore-turrace^  upwards  of  1000  feet  high  (steep  and 
dangeroos  from  the  failing  down  of  stones),  inconsiderable  horizontal 
coal-seams,  whose  age  indeed  cannot  with  certainty  be  determined, 
in  consequence  of  the  absence  of  fossils ;  but  the  bard  sandstone, 
which  incloses  the  coal-seam,  corresponds  so  completely  with  the 
sandstone  at  Cape  Boheman,  that  there  is  a  strong  probability  that 
this  is  a  continuation  of  the  Jurassic  strata  occurring  at  the  promou- 
toryjust  named. 

IX.  Thi  Miocene  Period. — Strata  containing  Miocene  v^etablo 
impressions  have  been  found  in  Spitzbergen,  both  in  King's  Bay 
and  in  many  places  in  Ice  and  Bell  Sounds.  At  many  of  the 
localities  the  strata  belonging  to  this  age  are  of  limited  extent, 
inasmuch  as  they  consist  only  of  local  formations  deposited  in 
hollows  between  the  high  ridges  formed  of  older  rocks.  At  others 
again,  for  example  Heer's  Mountain  on  Ice  Sound,  and  Coal  Mount 
and  Sandevall  Mountain  on  Bell  Sound,  the  high  ridge  itself  is 
believed  to  have  been  wholly  formed  during  this  period,  and 
perhaps  this  is  also  the  case  with  a  great  part  of  the  high  ridge 
between  Ice  and  Bell  Sounds.  It  is  only  possible,  however,  to 
determine  witb  [lerfect  certainty  those  strata  to  be  Miocene  which 
contain  fossils  belonging  to  that  period.  Such  strata  have  been 
found  at  the  following  places  : — 

King's  Bay.' — The  Coal  Harbour.  These  strata  have  been  already 
completely  described  by  Blomstrand  and  myself,  and  I  will  there- 

■  Id  "  Die  Miocene  Flora  und  FBonn  Spitsberreos  von  Oiwold  Heer,"  the  foUo«- 
ing  specieg  taken  from  thij  locality  are  mentioned : — 

Sphtttopttrit  Bhmitrandi,  Hr.  Sagillaria  hi/perioria,  Hr. 

Bqtiitilum  areliaiin,  Ht. 

Thuila  Shrenitdrdi,  Er. 

Juniptrut  rigida,  Hr. 

Fi<na  Abii;  L. 

Peatila  lortlli,  Hr. 

JVotfl*  ilritia,  Hr. 
With  the  eiceptioD  of  EguUtlum  ai 
plaata  of  tius  locality,  theae  ipeciea  occur  only  in  aiugle  etamiptM. 


Sagitlaria  hj 
Irii  Itttifolia,  ur. 
Populut  RichBTdiimi,  Hr. 
Nymphaitu  ThvUtuit,  Hr. 
Titia  Mttlmgrtni,  Hr. 
Carpolithm  ablangtu,  Hr. 

I,  which  toTtas  the  great  mau  of  ths 
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fore,  in  respect  to  them,  merely  remind  tbe  reader  that  they  are 
Birongly  dislocated,  or  perhaps  more  correctly  compreased,  in  a 
hasin-ehaped  hollow  in  the  older  rock  formatioae.  The  strata  con- 
sist of  sandstone,  clay-slate,  and  three  coal-seams. 

2.  Tkt  Taaodiiim  Strata  at  Cape  SlaraUehia. — At  this  place,  too, 
the  Miocene  strata  only  fill  np  an  inconsiderable  hollow  between 
the  sandstone  belonging  to  the  Cretaceous  seriea,  which  occurs  al 
the  Faatiiees,  and  at  the  Eame  rock  at  the  eatranoe  to  Oree»  Harhow. 
Oioae  to  the  Taxodium  slate  in  tbe  rocky  shelf,  near  the  shore,  ve 
have  the  following  section  i — 


Fio.  14.— Section  of  the  Taiodinm  Stmla  at  Cipe  Staratsvhin,  11172. 
1.  (Lowennost).  Gfej  sandHlone,  with  tiiin  beds  of  aUte. 
3.  Grey  caar![i  B.inri.-.fi™o,  Kilh  hr-iis  ot  elnto  and  leaf  impressions,  17  mctreB. 

6.  A  fine  cky-BUt«  ^aiodiom  skte),  eiceedingly  rich  in  bMntifol  snd  *el]- 
preserred  foseits,  07  metres.  The  distAnce  of  this  importiuit  locality  from  the  wnJ- 
slone  ridge  al  the  Fastneea  is  620  metres. 

6.  Grey  coarse  BondBtoue  with  leaf  impresBions. 

7.  Coal,  1  metre. 

8.  A  prettj  hard  marl-slate,  2  metne. 

9.  Grey  sandy  ahalea,  2  metres. 

11.  Cod-seam,  prohahly  a  continnation  of  seam  7. 

Further  on  vest,  towards  the  sandstone  lidge,  the  strata  vera  coTered  hy  gtBtel 
and  snow  drifts  ;  still  farther  we  met  with  a  nearly  vertical  conglomerale  stralom  a, 
probably  a  continnatioD  of  stratom  2,  and  then  vertical  strata  of  sandatooe  and 
slate  b,  showing  at  some  places  oneommonly  well-marked  tracks  of  the  action  of 
waves.  It  is  possible  that  these  strata  belong  to  the  same  series  as  those  which  at 
the  sandstone  ridge  close  at  hand  contain  Crehiceoos  plants, 

I  had  already  visited  this  place  during  the  Expedition  of  1858, 
and  I  then  found  here  the  first  fossil  plants  from  this  locality,  namely, 
some  small  petrified  stems  and  branches,  also  iragmenta  of  shells 
imbedded  in  a  conglomerate  bed  two  to  three  inches  thick,  which  I 
have  not  since  met  with  again.  The  fossil  plant-remains  are  described 
by  Professor  C.  Cramer  in  Heer's  Flora  fogsilis  aretiea,  Del.  i.  a.  175. 
The  fragments  of  shells  consist  of  mere  fragments  of  sea-shells,  prob- 
ably washed  out  of  some  older  strata.  Some  paces  east  of  the  Tax- 
odium  strata,  there  is  a  stratum  of  impare  clay  ironstone,  cont^ning 
Nordenskioldia  arclica,  Heer,  Sparganium  crassum,  Heer,  and  Setle- 
horites  marginatus,  Heer.  The  position  of  this  stratum  in  the  series 
just  described  I  have  not  been  able  to  determine. 

Stratum  5  (tlie  Taxodium  stratum)  cannot,  indeed,  be  compared 
with  the  strata  at  Cape  Lyell  for  absolute  richness  in  fossil  plants, 
bat  on  the  other  hand  it  exceed  \to&  \^ft  &\xaJuL  ^uat  mentioned 
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uid  all  the  other  localitiea  on  Spitzhergen  \a  richneBS  in  apecies. 
The  only  disadvantage  is,  that  the  slates  are  here  so  loose  anJ  split 
np  by  frost,  that  it  is  impossible  to  oblain  even  a  piece  with  a  few 
square  iuches  of  surfaoo,  except  by  a  consiilerable  removal  of  tht; 
broken  fragments  of  rock. 

From  this  locality  {the  Tastodium  slales  and  the  sandstone  lying  in 
its  immediate  neighbourhtwd),  Heer  Bniuriorat^s  the  following  speciea : 

A.  MusHKO(M<«.  **•  «>«■'  hyperiorta,  Hr. 

I.   Bpharit 


amtuii/era,  Heer. 
pinieala,  Heer. 

3.  „         Ityptriiarta,  lleet. 

4.  M&uteria  d^Unatf,  Beer. 

C.  Hqbsib. 

5 .  Muititrt  Btrggmi,  Heer. 

D.  Febhs. 

6 .  jUUmttmt  Ditlumi,  Heer. 

E.  ConmBA. 
T.  3^i>m£H«  A>twA«m<iiiH*)HHi,HeeT; 
exoeedin^ly  cosmioii,  ft  ^ant  tjfpe 
Btill  RUTiTiiig  in  Teifta. 

8.  Liboadrtu  Saiininna.  Hr. ;  <»miiloll. 

9.  Libocedrut  gracilu,  Heer. 

10.  S^juota  A'orAn»iu)Wi,  Heet;  common 

11.  S<quoia  breti/olia,  Heer. 

12.  ISmu 


19. 


„      polarii,  Heer, 
eycloptfra^  Sap, 
iltnopltra,  Heer. 
macTotperma,  Heer. 
Ungeri,  Endl. 
AiitI,  T.inn, 
'       i,Hr. 


„      Sictumiai    .  __ 

21.  „      Malmgrtfii.'Bx. 

22.  ,.      imprtna,  Hr. 

23.  TaxiUt  Olriehi.  He. 

24.  ToTtUia  rigidii,  Hr. 

25.  „      bifida,  Hr. 

26.  Ephiiritn  Soltkiaaui,  TJog. 

F,    HONOCOTTLBDOKS. 

27.  PXragmitH  (Eningenni,  Alex.  I 

28.  Foaata  areaactut,  Hr. 

29.  „  herdci/ormi;  Hr. 

30.  „  Fruiiaaiu,  Hr. 

31.  „  iCcitueu/iM,  Hr. 
31.  „  efoiBii,  Hr. 

33.  „  tuinKM,  Hr. 

34.  .,  parvulut,  Hr. 

35.  „  TBretli,  Ht, 

36.  „  latit,  Hr. 

37.  „  argutut,  Hr, 

38.  „  triliiuatiu,  Hr. 

40.  "      l^idului'  Hr.' 

41.  (^fptnu  iirfliCHi, 'Ht. 
12.  Cartx  Aadertmi,  Hr. 


50.  Junna  anliqva,  Hr. 

51.  Atoria  brtcliyiliuhui,  Hr. 

52.  Potamogelon  No'demkibldi,  Hr. 
63.  Btgiltana  diffldlU,  Hr. 


Hr. 


G-.    DlCOTTLBDOKB. 

fifi.  Tbpulm  Ridiardtmi,  Hr. 
S6.      „      Zaddnk '  " 

67.       n      arsfiM, 

58.  Btltda  priiea, 

59.  „      mofnipAylto, 

60.  C»yiui  McQuarrii, 

61.  Qatrelu  granlmdiea, 

62.  „     platania,  Hr. 

63.  „      MfMM,  Ooepp. 

64.  i'iafaniu  neireiii^,  Ooepp. 
6fi.  Fulgfonum  OlteriUm 

66.  S'aiMJd  arefien,  Hr. 

67.  ElaagnUa  Mmpdnufadu,  Hr. 
S8.   Cypulitei  lulcalvi,  Hr. 

TO.  .^fliironuiAi  profofini,  Uug. 
71.  Fraxiaui  mieropltra,  Hr. 
Whymperi,  Hr. 


73. 

74.  if«fcra  MaiClum.  Hr. 

75.  Cbrnui  Aypcr^M,  Hr. 

76.  Nytia  tvropaa,  Hr. 

77.  Nyuidittm  Ekmi:   ' 


78. 


»i,  Hr. 


I.  Hr 


Hr. 


80.  'i,     fiui/trmi,  Hr. 

81.  „      ianetoiatum,  Hr. 

82.  B-etUbtrita  marginaCiu,  Hr. 
S3.       .,      inaqualii,  Hr. 

84.  JVyi)ipA«a  <ireti<»,  Hr. 

85.  Faliiinu  Colcmii,  Hr. 

86.  Xhaianui  Eridani,  Ung. 

87.  SorJiM  graniifdia,  Hr. 

88.  C^iMajiui  dirflf^una,  Ht. 
8B.  Rvbut  teabriutctilm.  Hr. 
90.  Prunut  StaraUchini,  Hr. 
ei.  Leguminoiitn  vicioidti.'S.t. 
92.  Phyllittt  hyperhorim,  Hr. 
98-112.  Twenty  difiennt  kinda  ol  seeds 

{CarptlUhn). 
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3.  Ca'pe  Heer. — Leaviiig  the  strata  marked  I  and  2  in  the  proSle 
given  above,  and  advancing  along  the  Bteeply- sloped  shore  terrnoe, 
20  to  30  feet  high,  eastwards  towards  Green  Harbour,  we  pass  first 
a  nnmber  of  strata  of  slate  and  sandatone,  mostly  vertical,  but  some- 
times also  horizontal  or  bent  in  saddle  form,  in  which  I  could  not 
find  any  other  fossils  than  a  piece  of  shale  of  considerable  size  with 
an  impression  of  Irig  lall/olia,  Heer.  Nearer  Green  Harbonr  there 
occurs  again  a  bard  sandstone,  overlain  by  a  black  sandy  slate,  in 
which  the  cone  of  Araucariles  before  mentioned  was  found.  Farther 
inwanis  there  is  a  low  flat,  through  which  runs  the  so-called  Biissian 
Ktver,  which  a  short  distance  from  the  shore  outs  through  the  strata 
belonging  to  the  Jurassic  formation.  East  of  Grrcen  Harbour  there 
are,  however,  to  be  found  other  Miocene  strata,  namely,  at  Cape 
Heer.    The  Bucoession  of  strata  at  this  point  are  aa  given  below : — 


Fio,  16.— rrofllc  of  Strata  at  Cape  Hcct. 

1.  (LoiTMt)  A  Coal-uam  lying  at  the  watar'i  edg«,  &om  which  the  whale 
liihers  who  vieit  this  legion  obtom  the  little  rapply  of  fuel  which  they  require  fur 
cDokioK,  I  metrs. 

2.  Black  slat«8  with  trace  of  Tuodiam,  0-4  m. 

3.  Coarse  and  irre^ar  sanditono,  with  impressione  of  some  leaf-trees,  01  m. 

4.  Coarse-f^ined  conglomerate,  consistiiig  of  Hint  nodules  cloeelj  agglomerated, 
Taryinj;  in  thirknesa  from  25  to  6  m. 

6.  SandBtone  mlied  witli  cla;,  pretty  rich  in  vegetable  iiiipre«ioiu,  1'3  m. 
6.  Evenlf  splitting  Bandstone  without  vegetable  impresBioDB,  7  m. 
T.  A  thin  eeam  of  Ckial,  lying  in  claj-slate  and  a  looae  grarellf  aand.    The  three 
strata  together,  I'S  m. 

5.  Hard,  evenly  aplitting  landstone,  10  m. 

9.  Hard  Bftudst^De,  with  Terr  large,  ill-presarred  plant  impresaions  (similar  to  the 
sandstone  from  the  ravine  on  the  Coal  Monnt  on  Bell  SomidJ,  2  m. 

10.  Conglomerate,  0-3  m. 

1 1  ■  Sandstone  irregularly  stratified,  alternating  with  amall  limestone  sesms.  The 
sandstone  contains  here  and  there  block  spots  reaulting  from  iscansiderable  remains 
of  plants,  7  m. 

12.  Siindst«ne  irregularlT  stratified  and  joined  with  iacoasidentble  plant  impressions, 
20  m. 

13.  Sandy  cIsT-Blate,  in  which  I  found  two  impreseioiiB  of  mussels,  which,  however, 
it  was  imposgible  more  comnletely  to  det«nnine,  26  m. 

14.  Itecent  gravel,  washed  down  from  the  mountain,  which  covers  the  series  of 
strata  just  described. 

The  fossils  in  these  strata  are  commonly  ill-preserved,  and  cannot 
be  compared  with  the  vegetable  impressions  from  the  Taxodium 
strata  at  Cape  Staratschin.  A  complete  description  by  Heer  will  be 
given  in  the  "Transactions  of  the  Academy  of  Science"  (Stockholm), 
In  some  preliminary  notices  of  the  fossil  plants  collected  by  us  on 
Spitzbergen  in  1872  and  1873  (Ofvers.  af  Vet.  Akad.  FSrb.  1874, 
g.  32),   Heer  «ays  of  the  plants  from  this  plaoe: — "Thete  occur 
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moBt  commonly  Populut  arctiea,  Hr.,  also  Taxodium  ;  fragments  of 
the  leaves  of  Platanui  aceroldes,  Goeppert,  Sorbus  ?  grandi/olia,  Hr., 
Equitetum,  Pkragmilee,  Cyperaciles,  and  Qaercut.'"  The  Coal-Beam 
here  is,  oa  tlie  other  hand,  the  best  I  know  oa  Spitzbergen. 

Ab  the  strike  of  the  Btrata  is  very  nearly  "uie 
same  as  the  direction  of  the  Sound,  and  they  dip  k 
5^  to  10^  towards  Coal  Bay,  it  is  probable  that  the 
high  ridge  in  the  neighbourhood  conaists  of  more 
recent  bedn  than  the  Miocene  strata  at  the  shore. 
Unfortunately  I  could  not  on  this  opportunity  ex- 
amiue  them  more  closely.  It  is,  however,  highly 
probable  that  such  is  the  case  from  the  formation 
of  Heer's  Mountain  lying  on  the  other  side  of  the 
valley  in  the  bottom  of  the  fiord. 

4.  Jleer'a  Mowitaia.- — ^Duriag  the  Eipedition  of 
1861  Blometrand  found  here  Miocene  fossil  plafits, 
among  them  Plalanus  aceroidea,  Goepp.,  in  the 
neighbourhood  of  a  coal-soam  at  a  height  of  200 
metres  above  the  sea.  It  was,  however,  impossiblo 
to  institute  a  closer  esamiaation  of  the  place,  on 
account  of  the  gravel  which  had  fallen  down  from 
the  mountain,  and  at  the  time  was  hard  frozen. 

5.  The  Coal  Ifount  on  the  north  shore  of  Van 
Mijen  Bay  in  BeU  Sound.     (See  Woodcut,  Fig.  16.) 

o.  Locality  [or  Mioceaa  Tegelable  cemaina. 

t.  An  inconsiderable  coal-icaai, 

e.  hiHue    sandstone    Btratn,    with   a   few   impreSHOns    of 

it.  nard  eandstune,  vitb  large  indistinct  impreeaions  of 
pUmU. 

The  first  Miocene  plants  from  Spitzbergen  were 
diecovered  by  me  in  1858  (at  a  in  tbe  figure),  in  a 
black  sandy  slat«,  eaeOy  split  up,  and  altematiug 
with  seams  of  sandstone,  in  solid  rook  about  the 
middle  of  the  shore  terrace  on  the  south-west  side 
of  the  mountain.  This  slate  ia  overlain  a  little  way 
from  tbe  shore  by  a  greyish-white  sandstone,  in 
nearly  horizontal  layers,  rather  hard  at  the  begin- 
ning, hut  higher  up  very  loose,  which,  alternating  t 
wiiL  seams  of  slate,  occupies  the  whole  of  the  Co^ 
Jlcunt,  and  of  Sundevall's  Mountain,  which  lies 
farther  up  tbe  fiord.  The  whole  forms  a  series  at 
least  860  metres  thick  of  Miocene  or  Post-Miocone 
strata,  a  closer  examination  of  which  may,  perhaps, 
throw  important  light  on  tbe  passage  from  tbe 
Miocene  to  more  recent  periods.  Although  I  have 
myself  visited  the  place  three  times,  1  have  nut  bad 
opportunity  to  make  such  an  examination,  and  in 
ItiG-i  and  1871J  I  was  unable  to  find  again  the 
foBMliferoos  stratum  at  the  foot  of  the  mount. 

The  number  of  the  epedee  from  thia  stratum  deactibed.  \i^  HsKt 
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Eoes  up  to  oigbt,  aniODg  which  is  s  Potamogelon.  I  havo  besides  m 
Coal  Monnt  fouod  fossil  plants  in  a  hard  sandstone  (d),  wliicU 
together  with  a  conglomerate  layer  in- 
tersects the  looser  eandiitone  ahout  tlio 
middle  of  the  tnount.  This  hard  sand- 
stone stratum  is  aocessible  tu  a  Btream- 
ravine  on  the  north  side  of  the  mount.  It 
is  clearly  identical  with  stratum  No.  9  at 
Capo  Heer,  and  here,  as  there,  tbe  hard 
BttnclBtone  of  Bell  Sound  ib  rich  in  largo 
plant  remains,  very  few  of  which,  how- 
ever, can  be  accurately  determined.  The 
foltowing  species  are  found  at  this  locality  : 


G»iu.un>Sr>ciH. 

1   . 
*l 

1^ 

'4 
k 

4 

F            dptrdil^.BT.  .-. 

Tiaod  urn   dutiehtm  ntoMMiN, 

z 

■ 

F     moftHm  NaritiukiBiii,  Hi. 

ftpw'"*  -2  thartbKmi,  Hr.  

S«U    mteraphfUa  m.  Hr 

■A          JT    eritfitii,  Gocpp 

m  M  Quarrii,  Forb.  . 

I 

6    Cape  Lgell. — The  Miocene  strata  at 

h     p  ace  form    a  real  fossil  herbarium, 

wh   h        richness  in  fine  and  woll-pre- 

g    s  rved  f  ssil  plants  is  oompatBble  with  tLe 

m    n  hes      realities  known  to  man.      Here, 

too    h     shore  rocks,  precipitous  towanls 

th    sea,  afford  a  beautiful  section  of  the 

stra  a.     (gee  Fig.  17.) 

'*'  Brace  a,  of  quarU  and  mkl-scliurt,  with  an 

lercal  ted  stratuia  of  urotU  loose  SBnditone,  boUi 

p  lib         beloQgiiig  b)  the  llcclo  Hogk  furnuLtion. 

Strata  covered  wilh  dpTtris. 

na  derable  conelomerato  strata. 
LiKM   aandetone,  vith  coul-icsni. 
C   J     ate,  wilh  inoonmdiToblc  mil-seom. 
SnudaUina,  mixed  with  clay,  rich  in  indistinfi 
p        imp     dons,  l'3  metro. 

ands  nee,  inleretratifled  frith  seama  of  sUl«. 

th      oiulstoDs  there  are  at  lome  plaoea  inter- 

cat  ted  CD   i-Lumeratc  bedi  which  contain  romiM 

p  coal.     The  Htiata  are  rich  In  plant  im- 

esf   m>      hieh,  hoverer,  are  not  ao   finely  de- 

ped  aa  in  the  following  dirinou.     SO  m. 
8   An  alternation,  at  Iwt  ten  timea  repealed,  of 
oose         -ilala  and  aandabona,  Bomotimce  intet- 
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nid  aod  npectslly  in  the  li^ite.  The  fiwsils  are  DxtmordiQarilir  fine,  and  axe  found 
rbieflj  in  the  netebbourhimd  of  tbe  coal  and  lignite  bedH,  leu  beuDtifuI  in  the 
ludftalw,  which  initesd  is  crostied  tbioufchuut  hj  rMt  fiiitt  amftrlti  into  eeai. 
Ot  Ihe  boirndBTT  with  0  there  is  a  cuBl-Eeam  of  0-1  tnetra  thickness.    40  m. 

9.  A  prettj'  hard  dandstone,  without  fossil!,  nod  diridt'd  fiam  the  aoit  stratum 
lif  ■  eoal-aeam  half  an  inch  thiclc.    2  metres. 

IQ.  Hard  (Uiditone,  iodacing  mmdtd  pieca  cfeoal,  amtataing  rslotitt.  Without 
phot  iBn>reMians.'    6  Ri. 

11.  CUj,  or  eiceediiigly  Io<h«  njiite,  caatainin^  impresdonn  of  Taiodiiua,  eb:., 
wliich,  however,  in  coneequence  of  the  louse  condition  of  the  sttutnia,  could  not  Iw 
nmoved.     10  m. 

12.  Hani  sandstone,  rontaining  rounded  pieces  of  coril  with  retiniM.    6  di. 

13.  Thict  beds  of  sandstone  and  cUf,  with  incoBsiderabls  plant  impresaions. 
These  atrala  are  conlinueJ  with  rcpoitted  alternntiona  as  far  as  tlie 

neL^),i>u,]i-h.u.,]  i.i  ?..xM'«  Glieior,  Tlio  slo^'ply-bkipivl  ^hmv-tL-rraco 
is,  however,  here  often  covered  with  snow  or  gravd,  so  that  I  oould 
not  with  oertainty  make  oat  whether  we  have  here  to  deal  with  a 
continuatioD  of  the  strata,  or  only  with  the  same  strata  contorted. 

A  section  at  right  angles  to  the  shore  at  Gape  Lyell  approximates 
to  the  following  (see  Fig.  18} : 


Fio.  IS. — Crosa-Hction  of  the  Shore-terrace  at  Cape  Lyell. 
A.  Moraine.  B.  Glacier.  C.  The  Sea.  D.  Miocene  Strata. 
The  summit  of  the  rocks  along  the  shore  is  formed  of  an  exten- 
sive moraine,  which  gradually  paases  into  a  glacier  made  nearly 
quite  black  by  earth.  The  latter  is  possibly  advand-ag,  and  in  that 
case,  perhaps,  the  fossiliferous  strata,  the  interesting  evidence  of  the 
ciiroAte  prevailing  in  the  polar  regions  in  remote  ages,  will  be  oont- 
pletely  concealed  by  the  ice. 

7.  Seoil't  GZocier.— Farther  inwards  the  shore  of  Recherche  Bay 
is  occupied  by  a  thick  glacier,  which  slopes  steeply  towards  the 
sea,  and  is  intersected  by  innumerable  glacier- stream  a.  One  of  these 
falls  into  the  sea  north  of  the  glacier,  and  flows,  before  it  reaches 
the  sea,  between  the  loose  Tertiary  strata,  of  which  the  low  land  con- 
sists. In  the  bank  of  the  stream  thus  formed  there  is,  about  two 
hundred  feet  from  the  shore,  a  mass  of  fossil  plants,  which,  however, 
are  not  so  fine  ss  the  fossils  at  Cape  Lyell.  The  strata  themselves 
are  besides  covered  by  ice,  clay  and  gravel,  so  that  no  continuous 
profile  can  be  obtained.  A  slight  advance  of  the  glacier  would  also 
at  this  place  be  sufficient  ooni{>letely  to  oonceal  'Caa  locality  with  a 
covering  of  ice. 

'  This  occurrence  of  rounded  pieces  of  coal,  containing  rrtanite,  and  probably 
farmed  dming  the  Cretaceoaa  period,  i>  an  interesting  etidence  of  the  iDunense 
extent  of  tinje  which  must  bUTe  passed  since  the  coal-seams  began  to  be  fanned  in 
Bpitzber^en.  I  discorered  a  similar  stratum  during  the  Ei|iedition  of  1B58,  though 
I  then  viewed  it  as  post-Miocene,  on  account  of   th"  pieces  of  coal  coataiiu&% 
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A  complete  deBoription  of  the  fosBila  from  Cape  Lyell  and  Scott.'a 
Glacier  will  be  published  in  a  future  issue  of  Ihe  Transactione  of  the 
Academy  of  Soienue  (Stockbolm).  lu  the  preliminary  notices  quoted 
above,  Heer  says :  "  The  most  common  tree  species  at  Scott's  Glacier 
were  Popvlua  arrtica  and  Taxodimn  dislirhum  mioeenum.  Uf  Conifers 
there  oocur,  besides  the  last  named,  GIgplostrohua  EaropmM.  a  Sequoia, 
aiid  a  Pinut.  Of  the  last-named  tribe  only  the  common  pine  ia  met 
with,  while  in  the  Miocene  elates  at  Cape  Staratschin,  a  great  nomber 
of  Bpeciea  occur. 

"  Monocotyledons  are  represented  by  grasses  and  Cyperacea,  which 
probably  grew  in  bogs,  together  with  the  poplars  and  Taxodium. 

"  Of  deeidooua  trees  and  bushes  we  may  name  Popnlua  (three 
species),  Betula,  Corylua,  Plaiamit,  Tilia,  Comus,  Acer  and  Sorbus. 
The  planes  and  lime-trees  are  remarkable  for  their  lai^  leaves; 
pieces  of  bark  of  the  former  fallen  off  are  bcBides  not  uncommon. 
Tliere  is  also  a  number  of  leaves,  which  can  only  be  determined  by 
a  minute  esamination.  Some  of  them  belong  to  the  group,  whose 
place  in  the  system  cannot  be  considered  settled,  and  which  I  have 
brought  together  under  the  name  Pterospermiles. 

"The  species  occurring  in  preponderating  number  at  Cape  Lyell  is 
TaxodiiLta  dielichum  mioecmim,  whoso  pretty  and  well-preBer\'ed  leaf- 
bearing  branches  occupy  whole  blocks  of  stone.  Here  accordingly 
had  grown  a  Taxodium-wood,  and  we  thus  anew  become  acquainted 
with  the  fact  that  this  remarkable  tree,  which  yet  survives  in  the 
marshy  regions  of  the  southoni  jiart  of  the  United  States,  during  the 
Miocene  jioriod  wjis  one  of  the  nioBt  common  plants  of  the  Arctic 
Zone.  We  had  already  obtained  the  same  plant  from  Bell  and  Ice 
Sounds ;  while  the  Gtyptosirobiu  Europaut,  which  is  not  uncommon 
at  Cape  Lyell,  was  not  discovered  on  Spitzbergen  before  1873.  This 
plant  increases  the  number  of  the  speoies  which  require  a  warmer 
climate  than  that  which  I  formerly  (in  the  first  volume  of  Flora 
Fossilis  Arctica)  supposed  to  have  been  prevailing  on  Spitzbergen 
during  the  Miocene  period. 

"  Of  deciduous  trees  and  bushes  there  oocur  at  Cape  Lyell  the 
genera.  Populus,  Alniu,  Quereut,  Corylui,  Fagw,  Platanut,  and  Medera, 
with  species,  which  have  been  already  described  by  me  from  Spitz- 
bergen, but  of  which  in  most  cases  much  finer  and  more  oomplete 
leaves  have  bieen  found.  Of  some  tribes  there  occur  new  species,  as 
of  Comus,  C.  orbifera,  Hr.,  and  of  SaUx  and  Bhamrtut.  The  genera 
not  before  found  on  Spitzbergen  are  :  Carpinus,  Ulmw  (U.  Flaekeri, 
Hr.),  Orevia  (0.  erenata,  Dng.  sp.)  aad  Acer.  Two  species  of  maples, 
remarkable  for  their  beautiful  lobate  and  toothed  leaves,  oocur  com- 
monly ;  fruits  of  one  species  also  oocur.  Orevia  leaves  are  the  most 
common  at  "Hohen  Rhonen"  (Lower  Molass  in  Switzerland),  and  it 
is  worthy  of  notice  that  the  leaves  from  this  locality,  with  respect  to 
the  condition  in  which  they  have  been  preserved,  compltitely  corre- 
spond to  the  leaves  from  Cape  Lyell.  A  remarkable  fruit,  which  is 
uncommon  here,  is  A'yaso  Aretiea,  Hr.,  which  formerly  was  only  found 
in  Korth  Giteoland,  and  which  stands  in  close  relationship  with 
N.  omitAobroma,  Ung.,  from  the  German  Brown  Coal  Bode. 
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"As  nt  Scott's  Glacier,  there  occurs  also  at  Cope  Lyell  a  number 
of  lesrea,  whose  deterroiiiation  demands  a  mucli  closer  examination 
tiiaa  T  have  been  hitherto  able  to  give  them.  A  more  complete 
dcMTtption  of  these  we  must  therefore  defer." 

As  the  above  profiles  show,  the  Tertiary  strata  ofl  Spitzbergen 
are  very  irregularly  dislocated  and  contorted,  although  they  aro 
surrounded  by  older  rooks,  wliich,  though  raised  i>p,  are  in  all 
cases  TfgtUarly  stratified.  It  follows  that  the  disturbance  in  tha 
p>sitioii  of  the  most  recent  strata  has  not  extended  very  deep  down,  . 
and  that,  as  the  ideal  aectioD  given  below  shows,  a  distortion  of  the 
iiiirface  strata  took  place  without  extending  to  the  roek  lying  below. 


Fio.  IS. — Ideal  notion  ihowing  the  diatorbaccw  m  tho  pMition  of  the  Tertiuy 
ltr»t»  on  Spitzbergen 

A,  Older  strata,  belonging  to  the  Mountain  Luneat^tne  or  Hecla  Hook  formation. 

B.  TertJarf  strata. 

Under  such  circumstanoes  it  is  clearly  impossible  that  the  distor- 
tion was  occasioned  by  plutonic  forces  in  the  interior  of  the  eartb. 
I  have  before  maintained  that  such  disturbances  can  easily  be  ex- 
plained by  the  action  of  repeated  inconsiderable  changes  in  the 
temperature  of  the  strata,  and  their  expansion  and  contraction 
thereby  occasioned.  For  if  a  stratum  alternately  contracts  and 
expands  through  change  of  temperature,  it  is  natural  that  during  the 
contraction,  as  soon  as  it  passes  the  limit  of  elasticity,  cracks  mast 
arise.  These  cracks  geneiully  close  again,  when  the  strata  expand, 
but  this  is  not  unfrequently  prevented  by  the  formation  of  incon- 
siderable chemical  or  mechanical  deposits  in  the  open  crack,  and 
in  this  case  a  dislocation  of  the  strata  must  take  place,  which  on 
changes  of  temperature  following  is  repeated  again  and  again, 
and  thus  gradually  bringing  about  very  considerable  changes  in 
the  original  horizontal  position  of  the  strata.  A  clear  representation 
of  the  alterations  which  in  this  way  may  take  place  under  favourable 
circnmstances  during  a  single  winter  is  afforded  by  the  hummock 
walls  and  packs  of  the  polar  ice,  which  are  clearly  formed  in  this 
way,  that  the  originally  level  ice-field  alternately  contracts  with  cold, 
whereby  cracks  arise,  which,  however,  within  a  few  hours  freeze 
together  again,  and  expands  in  mild  weather,  whereby  a  dislocation 
must  naturally  take  place. 

Such  great  changes  of  temperature  as  occur  upon  an  ice-field 
exposed  to  the  onoeasing  oscillations  of  temperature  of  the  atmosphere, 
do  not  naturally  take  place  in  a  solid  earthy  layer,  and  the  cracks 
which  arise  in  the  latter  are  perhaps  not  so  completely  filled  again  as 
thoae  in  an  ioe-field ;  but  on  the  other  hand  the  action  takes  ^Uf» 
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dnring  for  longer  periods  of  time  extending  even  to  hnndreds  and 

thousands  of  years. 

Iq  conseqaence  of  the  great  expaneion  coefficient  of  ice,  these 
changes  must  be  further  accelerated  if  the  porous  earthy  layer  has 
been  completely  soaked  with  water,  which  is  then  frozen,  and  in  that 
case  the  cracks  caused  by  the  contraction  of  the  mass  are  speedily 
filled  with  new  ice.  It  is  therefore  only  what  we  might  expect,  to 
find  the  Tertiary  sandy  and  clayey  strata,  which  have  been  thus 
.acted  on  by  water  and  ice,  more  dislocated  and  contorted  than  the 
older  rocks  lying  at  a  depth,  which  the  yearly  changes  of  temperature 
scarcely  reach  in  a  sensible  degree. 

X.  I'osl-Mioeene  aiid  Quatemarf/  strata. — All  the  fossils  found  in 
the  foregoing  strata  show  that  Spitzbergen.  during  former  geological 
ages,  enjoyed  a  munificent  climate,  which  indeed  was  somewhat 
colder  during  the  Miocene  period,  but  was  still  favourable  for  an 
estmordinarily  abundant  vegetation,  much  more  luxuriant  than  that 
which  now  occurs  even  in  the  soutliem  part  of  Scandinavia ;  and  I 
have  in  these  strata  sought  in  vain  for  any  sign  that,  as  some  geo- 
logists have  of  late  endeavoured  to  render  probable,  these  favourable 
climatic  conditions  have  been  broken  off  by  intervals  of  ancient 
glacial  periods.  The  profiJea  I  have  had  the  opportunity  to  examine 
daring  my  various  Spitzbergen  expeditions  would  certainly,  if  laid 
down  in  A  line,  occupy  an  extent  of  a  thousand  English  miUi;  and 
if  any  former  glacial  period  had  existed  iu  this  region,  there  ought 
to  iiavo  been  some  trace  to  be  observed  of  erratic  blocks  or  other 
formations  which  distinguish  glacial  action.  But  this  has  not  been 
the  case.  In  the  strata,  whose  length  I  have  reckoned  above,  I  have 
not  found  a  single  fragment  of  a  foreign  rock  so  large  as  a  child's 
head.'  The  round  nodules  in  the  Triassic  and  Jurassic  strata  are 
clearly  concretionary  formations,  which  contain  the  same  fossils  as 
the  surrounding  strata. 

It  would  be  of  great  importance  to  discovet  strata  which  would  give 

'  The  onlv  Mrtoio  ngn  of  glacial  fonnatioM,  perhaps,  is  a  block  of  conaidersble 
eize,  which  has  been  tranaportod  some  dietaiice  from  its  ori^nl  porition. 

In  the  de«p  ravines  foroiml  hj  Btreuns,  irhich  in  NoTth-we«t  GreenUnd  cut  through 
flnit  the  eand  beds  formed  during  the  glacial  p«riod,  lower  down  Che  Miocene,  not 
glacial  Gond  beds,  we  bate  en  excellent  opportunity  of  seeing  the  difference  between 
them,  which  is  rery  noticeable,  inaenmcb  as  erratic  blocks  are  neier  absent  in  the 
farmer,  but  alwsj's  in  the  latter.  Od  the  other  hand,  I  am  convinoed  that  sharp- 
cornered  atones,  or  stone  fragments  inclosed  in  conaderable  qnantitr  in  a  bed  of 
Esnd  or  cla;  (so-called  EioBBtensgrus),  b^  no  means  afford  certaui  etiaence  that  it  is 
of  clacial  ongio.  In  this  case  the  mistake  is  fallen  inbi,  as  in  so  manj  other 
geologica]  qaesdons,  by  concluding,  because  on  one  occasion  a  cause  A  produced  en 
effect  B,  that  the  effect  B  is  alirajs  produced  bj  the  cause  A.  Graisl  with  iharp- 
comerad  atone  tragmentaia  found,  at  least  in  the  countries  where  frost  tends  to  break 
up  the  rock  surface,  always  at  the  foot  of  steep  mountain  sides  clear  of  vegetation, 
and  on  Spitzbergen  also  on  the  flats,  whicb  in  maaj'  places  snrronnd  the  foot  of  a 
'  e  tracts,  where  the  ground  consists  of  such  a  gT«TBl-hed  fonBcd 

; J  1 :_g  flood,  nnd  then,  bemg  drenched  with 

TT  destructive  for  the  shoes.  If  I 
.    ,  ^  .  ^  c  formation,  which  is  foDad  in  many 

places,  for  example  at  tbe  mouth  of  Bell  Sound,  there  does  not  occur  in  the  sedi- 
iiient«7  strata  of  Spitzbergen  or  elsewhere  any  appearance  of  old  Moraine  gravel- 


by  frost,  which  is  increased  by  every  spring  flood, 
water,  is  eiceedinglj  difficult  to  cross,  and  very  A 
except  a  breccia,  belougiiig  to  the  Hecia  Hook  ion 
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as  an  idea  of  the  pasBage  from  the  Miocene  period,  with  its  Taiodium, 
beech  and  plane  forests,  to  the  mer  de  glace  of  the  present  period.  I 
have  not  succeeded  in  doin^  that ;  but  I  am  persuaded  that  by  future 
complete  examination  of  the  peninsula  which  separates  loe  from 
Bell  Sonnd,  we  may  gain  data  for  answering  the  interesting  questions 
relating  to  this  point. 

Before  concluding  this  account  of  the  Geology  of  these  regions,  I 
wish  to  notice  the  strata  which  are  believed  to  sLow  that  Spitzborgen, 
during  a  not  very  remote  period  of  time,  of  which  Geology  gives  . 
evidence,  enjoyed  a  climate  better  than  the  present.  At  various 
places  on  Spitzbergeu,  at  the  bottom  of  Lomrae  Bay,  at  Cape  Thord- 
sen,  in  Blonistrand's  strata  at  Advent  Bay,  there  are  found  large 
and  well-developed  shells  of  a  bivalve  MftilM  edulia,  which  is  not 
now  found  living  on  the  ooaats  of  Spitsbergen,  though  on  the  west 
coast  of  Scandinavia  it  everywhere  covers  the  rocks  near  the  sea- 
shore. These  shells  occur  most  ])lentifully  ia  the  bed  of  a  river 
which  ruas  through  Reindeer  Valley  at  Cape  ITjordsen.  They 
are  probably  washed  out  of  a  thin  bed  of  sand  at  a  height  of 
about  20  or  30  feet  above  the  present  sea-level,  which  ia  inter- 
sected by  the  river,  The  geological  age  of  this  bed  cannot  be 
very  great,  and  it  has  olearly  been  formed  sinee  the  present  basin  of 
Ice  Sound,  or  at  least  the  greater  part  of  it  hu  been  hollowed 
out  by  glacial  action.' 

XI.  Beceal  formalions, — Glaciers  and  loose  earthy  layers  formed 
by  glaciers. 

The  interesting  circnmstanoes  oooned^  wiUi  these  formations 
deserve  their  own  chapter,  the  more  so  as  they  have  a  peculiar  bear- 
ing upon  the  explication  of  ibs  loose  layers  in  Sweden.  But  from 
want  of  time,  at  present,  I  must  defer  this  till  another  occasion. 


VI. — On  thk  Discovbet  of  FALxtcis  cvseata,  Mbhk  &  Wobthen, 

IN  Cabbohifkkooh  LmuBTONE  near  Hbhbdhy,  Bristol. 

By  S.  G.  PsBcsvAL,  £iq. 

IHE  above  form  I  found  a  year  or  two  ago  in  the  Encrinital  Lime- 


T 


stone  forming  the  upper  bed  of  the  Lower  Limestone  Shales  which 
occnr  on  the  south  side  of  Combe  Down  (overlooking  Combe  House), 
near  its  western  extremity.  I  have  also  traced  it  in  an  outcrop  of 
the  same  limestone  in  the  plantation  on  the  north  side  of  Kinga- 
weeton  Down,  near  its  western  extremity.  At  both  these  localities 
the  fossil  is  associated  with  Zaphrenli*  Fhillipti,  a  small  coral  which 
ia  characteristic  of  the  bed.  PalcBactB  probably  also  occurs  in  the 
corresponding  beds  exposed  in  the  Avon  section,  and  elsewhere ; 
but  though  tolerably  abundant,  is  not  likely  to  be  observed,  on 
account  of  its  small  size,  except  where  the  rock  is  welt  weathered. 
The  accompanying  are  sketohes  of  two  specimens  from  Combe 

>  Compare ;  Miocene  Flora  and  Fanoa  SpitsWgeiu,  p.  23.  With  reference  to 
the  Tenable  remains  from  theee  itrats  described  of  Ileer,  it  may  here  be  Btaled, 
that  amce  Eeer's  work  vas  published,  Btlala  nana  has  been  found  growing  on  the 
north-east  (here  of  Coal  Bay. 
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Down  wliioh  mudi  reBemble  thow  figured  in  Hie  G«ol.  Beport  of 
lUinou  (Meek  and  Worthea),  tbL  ii  p.  262,  plate  19,  fig.la,b,e. 
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Falaarit  eunrala.  Meek  &  Worthra ; 
Carbomferons  LimcEloDe,  near  Henbury,  Bristvt. 

Mr,  Kobert  EtUcridge,  jnn.,  F.G.S.,  Las  kindly  favoured  me  wilh 
Ibe  following  remarks  on  some  specimenH  forivardod  to  him. 

"Your  fossil  appears  to  be  the  PalaaeU  cuneala  described  hj 
Meek  &  Wortbeo  in  the  Proceedings  of  the  Academy  of  Natural 
Sciences  of  Philadelphia  (18G0,  p.  44S),  and  is  there  referred  and  in 
their  Geoli^ca!  Beport  (vol,  ii.  p,  262,  pi.  19,  fig;  1  a-d)  to  the 
Felroapongidce,  under  the  name  of  SpkenopoUrium.  Meek  &  Worthen 
at  first  regarded  it  as  a  coral,  believing  the  striro  seen  within  the  cells 
to  be  sepia,  but  placed  the  genus  amongst  the  sponges  on  the 
authority  of  Prof,  A,  E.  Verrill.  of  Yale  CoUege,  who  considered 
that  such  might  perhaps  be  the  affinity  of  the  American  fossil. 

"Prof,  do  Koninob  refers'  the  various  species  of  Sphenopolerivm 
to  the  genus  Pahcacis  of  Jules  Haime,  ivhich  appears  to  have  a  slight 
precedence  over  Meek  &  Worthen's  nitnie. 

"  Prof,  de  Koninok  states  that  M .  von  Seebach  first  pointed  ont  the 
identity  of  SpJtenopolerivm  and  PaltFodt,'  and  that  it  was  a  true 
perforate  coral  of  Uie  section  Modreporidee  of  Edwards  &  Haime. 

"The  American  specimens^re  from  the  St.  Louis  Group  of  the 
Lower  Carboniferous  series ;  locality,  Spargen  Hill,  Indiana.  The 
Bpeoimen  agrees  generally  with  the  specific  characters  assigned  to 
P.  cuneata,  vis.  compressed,  cuneate,  longer  than  wide;  caiices  from 
two  to  five,  deep,  with  an  oval  aperture  and  directed  obliquely  out- 
wards and  upwards,  with  crenukte  vermicular  strife,  covering  the 
whole  of  the  external  surface. 

"Prof,  de  Koninck  appears  to  consider  P.  {Spbenopoteriutn) 
cuneata,  M.  &  W.,  as  identical  with  P.  cttnei/ormit,  J.  Haime,  which 
is  perhaps  the  more  correct  name  for  the  fossil,  although  I  am  not 
acquainted  with  the  description  of  the  latter. 

"  I  have  not  before  heard  of  the  discovery  of  Pal<Baci»  in  this 
country." 

VII.— Note  on  the  OootrBBEKCK  of  Phospoatisbd  C*hbonatk  of 

LiHB  AT  Cavs  Ha,  Yobksbibe. 

By  J.  E.  Habb,  St.  JoWb  College,  Cmnbridge. 

IT  may  be  worth  while  to  recoi-d  the  occurrence  of  phosphatised 
carbonate  of  lime  in  Cave  Ha,  near  Giggleswick,  which  has 
been  explored  by  Prof,  Hughes  (see  Journal  of  the  Anthropological 
'  In  hu  JVburtfUu  Bethtrtha  tur  tti  Anaitaat  Fotiilti  du  Ttrrain  Carbotti/irt  A 
la  Btlgiqut,  p.  ISl. 
'  Jfaehrichttit  lUr  Kimigliehen  GuellKhafft  At  Wiunueha/Un  ch  OillingtH,  1886, 
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Institute  for  December,  1873,  vol.  iii.).  The  phosphatiaed  materia], 
which  forma  stalagmitic  layers  at  the_  aide  of  and  interatratified 
with  the  other  depoaita,  ia  leaden-grey  in  colour,  wcatliering  light 
brown  outside,  friable,  and  full  of  small  holes.  Portions  of  it 
yielded,  on  analysis,  a  large  per-centage  of  phosphnte  of  lime. 

It  is  not  probable  that  tbcee  deposits  were  tbrowu  down  in  a 
pho»<pbatiaed  condition,  as  they  occur  also  unpbosphatiscd, 

The  beds  ia  which  they  are  found  were  iu  places  largely  made  up 
of  the  bones  of  small  birds,  mammals,  etc.,  which,  as  Prof.  Hughes 
has  shown,  are  chiefly  the  remains  of  the  pellets  of  owls  and  kestrelB; 
feathera  and  akin  ooourriug  in  the  upper,  but  none  in  the  lower  part 
of  the  depoait.  The  only  apparent  way  in  which  it  seems  that  the 
traTertiDe  could  have  become  phosphatised  is  by  the  peroolation  of 
water  through  the  |>ellet  bed,  until  it  was  stopped  by  the  stalagmite, 
wfaioh  would  slowlyabsorb  the  water,  aBd  allow  time  for  the  chemical 
leactioiiB  whloh  resulted  in  the  phosphatising  of  a  portion  of  it. 

A  somewhat  similar  inatanoe  is  noticed  by  Prof.  Dana  ("  Coral 
and  Coral  Islands,"  p.  293),  who  states  that  a  deposit  of  guano  on 
Howland's  Island  has  been  the  means  of  phosphatising  fragments 
of  coral  which  have  somehow  become  included  in  its  mass.  Similarly 
at  CayluB  phosphatised  matter  occurs  associated  with  the  bones  them- 
selves \  but  in  the  case  of  Cave  Ha  no  such  matter  occura  in  the 
deposits  in  which  the  bones  are  found,  but  only  in  the  travertine 
surrounding  and  associated  with  the  bones. 

ZSrOTICES      OIP      3iiE!3iiOHeS- 

I. — Thb  Antiquitt  of  Man,  Illdstratkd  bj  thb  Contests  of 
Gates  and  thb  Relics  of  the  Cave-folk.  By  Prof.  T.  Bupbrt 
JoNBs,  F.R.S.,  F.G.S.' 

PROFESSOR  Bupert  Jonee  introduced  his  subject  by  reminding 
his  hearers  that  antiquaries  can  trace  back  the  successive  periods 
of  governments  and  dynasties  by  the  relics  and  ruins  beneath  London, 
from  the  Georgian  to  the  Roman  age.  He  referred  to  Colonel  Lane 
Fox's  discovery  of  an  old  pile-village  of  the  Romano-British  pariahs 
in  the  Finsbnry  marsh,  and  to  the  indications  of  still  older  aboriginal 
wattled  huts  in  pit-dwellings  on  the  gravel  subsoil  beneath  Paul's 
Cross,  in  Cheapside.  The  fossil  contents  of  this  gravel,  under 
various  parts  of  London,  lead  us  further  back  in  time  beyond  the 
historic  andpre-historic  ages  to  what  geologists  term  the  "post-Tertiary 
period,"  when  the  Thames,  much  wider  than  now,  formed  great 
shoals  of  gravelly  shingle,  and  wide-spread  flats  of  loamy  flood- 
mud,  and  drifted  away  the  carcasses  of  mammoth,  rhinoceros,  lion, 
nrus,  musk-ox,  and  other  animals  now  strange  to  the  district  The 
relics  of  man,  such  as  implements  of  stone,  are  found  here  and 
there,  with  the  bones  of  these  Pleistocene  animals  in  the  valley- 
gravels  of  the  Tliames  and  its  tributaries ;  also  in  similar  gravels  in 
1  Being  the  sabetBDce  of  a  Lecture  deliTsred  to  the  CrOTdon  Hicroaeopieal  Clab, 
OD  Wedneedaj  eTening,  April  £6th,  1876,  in  the  Pubhi  Hall ;  Heaij  Lee,  Esq., 
F.L.S.,  F.G.S.,  etc.,  Preaident  of  the  Club,  in  the  Chair. 


Notices  of  Memoirs — 

in  tbe  caves 
The  subse- 
quent decrease  of  the  river,  leaving  its  terraced  miiq^a  of  grovel 
and  loam,  and  tbe  ultimate  coating  of  pent  over  tbe  marshy  flats 
bordering  its  now  narrow  channel,  complete  tbe  history  of  tbe 
ehaugea  down  to  tbe  bietorio  period.  In  these  later  river-deposita, 
and  in  the  peat^boga,  implements  of  polished  stone,  of  bronze,  and 
of  iron,  are  found  to  have  been  saccessively  deposited  ;  but  in  Ibe 
older  gravels  and  associated  loams,  whether  in  th«  valleys  or  in  the 
caves,  stone  implements  (shaped  only  by  chipping)  are  fonod,  and, 
as  the  oldest  kind,  have  given  the  name  "  Palaeolithic "  to  their 
period  ;  whilst  the  subsequent  age,  when  man  had  got  tbe  babit  of 
sharpening  his  weapons  of  stone  by  grinding,  is  termed  "  Neolithic." 
The  great  lapse  of  time  rei]nired  to  complete  the  formation  of  tbe 
Danish  peat-bogs,  in  which  implements  of  iron,  brooKo,  and  polished 
stono  are  successively  accoinpaaied  by  the  beech  of  the  present 
period,  the  older  oak,  and  tbe  still  more  ouotent  fir  tree,  belonging 
to  three  changes  of  oonditiona,  and  of  tbe  associated  animal  life, 
was  next  dwelt  upon.  An  account  of  the  Swiss  lake-dwellinga,  or 
pile-villages,  was  then  given;  and  the  indications  of  auecesaive 
generations  or  peoples,  using  iron,  bronae,  and  polished  stone  toola, 
in  more  or  less  distinct  gradations,  were  pointed  out  Those  using 
implements  of  stone  were  not  altogether  uncivilized  ;  and  yet,  if 
the  incomplete  evidence  of  geograjibical  changes  be  accepted,  they 
lived  some  6000  years  before  the  Komaa  conquest  of  'Weslcrn 
Europe.  They  did  not  poasess  the  reindeer,  thongh  that  animal  had 
been  hunted  near  by  ia  earlier  times  by  cave-dwellers  (Canton 
Schaffhausen),  and  in  France ;  and  then  the  climate  must  have  been 
cold  enough  for  its  existence  so  far  south,  and  cold  enough  for  the 
habitation  of  rock- shelters  on  sunny  slopes,  where  during  the 
present  summers  of  France,  even  for  tbe  stench-bearing  Esquimaux 
"to  abide,  with  tbe  heaps  of  garbage,  stinking  flesh  and  bonea,  would 
have  been  impossible ;  but  there,  the  hunters  of  the  reindeer,  boi^e, 
and  musk-OK,  did  hve,  using  chipped  flint  tools,  and  knowing  not 
bow  to  grind  and  polish  them — though  they  used  some  kinds  of 
grindstonea  in  preparing  food  and  paint,  and  were  artistically  in- 
clined. They  cleverly  engraved  outlines  of  animals  and  other  things 
on  hone,  ivory,  and  stone,  with  pointed  flints,  and  shaped  bone  and 
ivory  into  handles  of  poniards  and  quaint  statuettes.  Among  tbeir 
drawings  is  a  lively  figure  of  the  hairy  high-fronted  elephant 
(Mammoth),  which  they  therefore  must  have  seen,  and  which 
ranged  over  the  colder  regions  of  tbe  western  hemisphere.  The 
long  and  unknown  space  of  time  requisite  for  the  change  of  climate 
from  Arctic  conditions  in  South  France  and  Switzerland  to  wanner 
winters  and  hotter  summers,  unfavourable  to  the  existence  of  mam- 
moth, reindeer,  and  musk-ox,  divided  the  cave-dwellers,  using 
chipped  flakes,  from  the  lake- dwellers,  using  polished  stone  imple- 
ments. These  cave-folk  of  Dordogne  and  elsewhere,  however,  were 
by  no  means  tbe  oldest  inhabitants  of  caves.  They  lived  at  or  near 
the  level  of  ezistiDg  rivers ;  but  tiiete  aie  cwaa  (»i^tflinlag  relics  of 
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hDman  inhabitants,  whioli  hiive  been  left  liigti  up  in  the  limeitone 
cliEEs.  whilst  the  rivera  have  worn  away  the  gorge  below  to  a  great 
depth  (nearly  300  ft.  at  Gailenreuth  ;  76  ft.  at  Brixham).  This  is 
■bown  by  the  presence  of  certain  pebUea  in  the  deposits  within  the 
cave,  which  mast  have  rolled  across  the  interval,  from  the  other  side 
of  the  valley,  ^rhilet  a  floor  existed  at  a  level  of  the  oave.  If  this 
eicavAtion  be  due  to  the  violent  rush  of  the  torrent  from  the  in- 
creased slope  of  its  channel,  caused  by  the  rising  of  the  land,  what 
was  the  rate  of  elevation  ?  Further,  some  few  of  the  oaves  contain 
stone  implements  of  ruder  make  than  those  left  in  others ;  and  the 
valley -gravels  left  behind  as  terraces  and  isolated  patchu  by  the 
rivers,  irhich  have  deepened  and  narrowed  tiieir  ohamielB,  alio  oon- 
tain  such  rude  and  even  ruder  implements,  carefully,  aft^*  all,  but 
roughly  chipped,  and  doubtless  serving  very  well  the  purpose  to 
which  these  eaiEy  people  applied  them.  These  gravels  contain 
remains  of  the  Arctic  animals.  Their  age  is  to  be  reckoned  by  the 
time  required  for  their  formation  and  their  distribntion.  The  subse- 
quent excavation  of  lower  valleys,  and  the  other  stages  of  time 
already  indicated,  necessarily  leut:;then  their  chronology.  Their 
existence  is  owing  to  the  early  formation  of  gravel-flats  and  plains 
of  loam  out  of  the  debris  of  the  land,  when  it  was  far  above  its 
present  height ;  and  when  Western  Europe  bad  been  raised  so  high 
out  of  water  as  to  comprise  the  British  Islands  as  far  as  the  well- 
known  "  hundred -fathom-line,"  which  when  raised  to  the  water- 
level  would  of  course  odd  at  least  600  It.  to  the  height  of  the  land's 
surface.  The  Alps  were  much  higher  than  now ;  and  probably 
Snowdon  stood  at  least  2000  it,,  higher  than  at  present.  This  eleva- 
tion originated  in  the  great  olteration  of  the  earth's  crust  in  this 
portion  of  the  globe  by  contraction,  immediately  after  the  long 
"  Tertiary  Period  "  of  geologists,  bringing  in  the  new  conditions  of 
geography,  hydrography,  and  distribution  of  life  in  wltat  is  known 
as  the  "  post- Tertiary  Period."  The  great  uprise  of  land  was  prob- 
ably slow ;  it  introduced  enormous  glaciers,  grooving  out  great 
goi^B,  which,  after  vast  and  continuous  changes,  the  greatest  rivers 
have  scarcely  yet  filled  up  with  their  plain-making  detritus.  Whether 
men  existed  or  not  in  this  earliest  part  of  the  Quaternary  period  is 
as  yet  unproved.  A  groat  reaction  took  place,  and  a  great  and  gradual 
subsidence  lowered  plain  and  mountain,  until  Snowdon  sank  to  be 
an  island  not  more  than  1000  ft.  at  most  in  height,  and  the  shoulders 
of  the  mountain  were  below  the  great  northern  sea;  for,  when  it 
rose  again,  Moel  Tryfaen  (now  1300  ft.  above  the  sea)  bore  up  the 
well-known  sands  and  shingle  with  marine  shells,  in  witness  of  the 
change.  Man  had  set  foot  in  this  region  by  that  time ;  for  when 
the  glaciers,  during  some  of  their  oscillations,  occupied  the  great 
vales  of  Western  Yorkshire,  one  of  them  left  some  of  the  charac- 
teristic laminated  mud  in  a  cave  opening  against  its  lateral  moraine, 
and  this  mnd  buried  up  some  old  cave-earth,  in  which  ore  bones  of 
elephant,  rhinoceros,  hippopotamus,  hytena,  and  man.  This  glacial 
clay  was  surmounted  by  a  cave-earth  formed  after  the  glacier  hsA 
melted  away  and  left  the  valJey  open  but  cold,  lot  mii.i'i«i>«.i\«s. 
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oocur  in  this  layer.  Subsequently  the  face  of  the  cliff  slowly  shed 
its  froBt-bitten  fragmentB,  and  formed  a  talus  of  great  thickness,  on 
the  slope  of  which  Neolithic  men  came  and  went.  Then  after  soma 
500  years  (as  measured  by  the  rate  of  formation  of  the  (alus),  the 
Komano- British  (or  Brit-welah),  driven  from  their  citiea  by  invaders 
(Picts  or  Saxon),  lodged  in  the  cave,  and  loft  their  relics  on  the 
sunny  slope  outside ;  and  these  are  covered  by  the  fallen  acreea  of 
1200  years.  Add  these  small  sums  of  historic  and  pre-historic 
years  together ;  allow  for  the  period  of  reindeer  life  in  Yorkshire ; 
measure  out  a  time  for  the  glacier's  coming  and  going  ;  and  add  the 
many  years  and  ages  whilst  the  great  Pleistocene  animals  roamed 
over  the  changing  scene,  and  some  notion  will  be  gained  of  the 
antiquity  of  man.  To  allow  for  the  last  uprise  of  Snowdon,  for  its 
previous  subsidence,  and  still  earlier  aad  higher  elevation,  some 
200,000  years  at  least  is  required,  when  the  glacial  period  came  in. 
If  not  before  this  period,  certainly  during  some  part  of  the  time, 
whilst  England  was  continuous  with  the  Continent,  the  mammoth 
and  man  existed  here  together;  and  the  many  great  changes  that 
have  occurred  since  PalEeolithio  man  left  his  implements  in  lakes, 
rivers,  and  caves,  have  required  a  large  proportion  of  those  2000 
centuries. 

U.^RBanLTS  OP  Obsebvations  oh  the  Eskers,  Lakk-basiss, 
AND  Post-Glaciai.  RrvER-rouRSF.a  of  Cbkshike,  SuBOPsniRE, 
DBNBionsniRE,  ahd  Flintshire,  with  Rehares  oh  tdk 
Sequbnck  or  Glacial  Evbhts  in  the  N,W,  of  Ehqlahd 
AMD  Wales.  By  D.  Mackintosh,  F.G.S, 
[Read  before  the  Chealer  Societj  of  Natural  Science,  Feb.  3,  1876.] 

THE  Chester  Society  of  Natural  Science,  which  was  established 
several  years  ago  by  the  late  Hev.  Charles  Eingsley,  now 
numbers  between  five  and  six  hundred  members.  The  above  paper 
.  is  the  second  that  has  been  printed.  In  it  the  author  begins  by 
giving  an  account  of  the  drifts  between  Chester,  Gresford,  and 
Wrexham,  with  a  particular  reference  to  the  sudden  change  of  level 
exhibited  by  the  upper  or  brick-clay  between  Pulford  and  Gresford, 
a  change  nearly  200  feet  in  vertical  extent.  The  lower  Boulder- 
clay  in  this  neighbourhood  is  either  confined  to  patches  or  repre- 
sented by  an  angular  rocky  rubble  called  "rammel."  The  author 
then  goes  on  to  describe  the  distribution  of  Eakers  in  Caernarvon- 
shire, Glyn  Ceiriog,  upper  valley  of  the  Dee,  around  Gresford, 
Gwersyllt,  Cefn-y-bedd,  Padeswood,  Mold,  Nannerch,  Caerwys, 
Flint,  Oakmere  (east  aide  of  Delamere  Forest),  Beeston  Castle, 
Combermere,  Baschurch,  Oswestry,  and  especially  around  Ellesmere. 
The  author  then  enters  into  a  particular  consideration  of  the  causes 
which  determined  the  positions  of  eakers,  laying  great  stress  on  the 
influence  of  projecting  rocks,  etc.  The  curvilinear  forms  of  esker 
knolls,  and  especially  of  the  enclosed  hollows,  he  attributes  to  both 
the  depositing  and  denuding  action  of  eddying  tidal  currents.  A 
more  detailed  account  is  then  given  of  the  high-level  eskers  on 
HaSkin  moaaitdn,  which  coatain  iTag(ii«atB  (il  w&r«,\i<&Ua,  and  one  of 
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ifai'ch  is  a  perched  esker,  950  feet  above  the  Rea-level ;  of  "a  veiy 
Tiliing  array  of  gigtmtic  eekers "  between  Bodfari  and  Mold,  a 
amber  of  whicb  on  or  near  (o  a  watershed  retidi  a  lieigbt  of 
jtween  120  and  150  feet,  and  which  oft«n  rise  at  an  angle  of  45°; 
'  the  eskers  encloBing  swamp-  and  Uke-baains  near  Grcsford,  and 
•ootid  Ellosmere.  The  latter  are  often  ae  abrupt  as  artificial  earth- 
orks,  and  rise  to  a  height  of  quite  160  feet  alwve  the  very  beautiful 
id  pellucid  sheeta  of  water  which  repose  in  th^  intenuediate  hollows, 
litise  eskers  and  lake-basina  fonn  quite  a  feature  on  the  Ordnance 
ap.  A  few  of  them  are  capped  with  clay.  After  oonaidering  the 
.uses  of  the  retention  of  water  in  the  esker  hollows  (which 
■nerally  appear  to  consist  of  sand  or  fine  gravel),  and  preferring 
,e  theory  that  "the  decay  of  vegetation  artificially  planted  or 
itnrally  grown  in  the  bntinB  may  have  increasingly  acted  as  a 
lainer  of  water,"  the  author  proceeds  to  assign  reasons  for  re- 
irvling  the  forms  of  post -t;l acini  river -oonrscs  "ns  the  effort  of 
lequal  deposition,  tidal  scour,  and  freshwater  floods."  Among 
oantains  near  the  sources  of  drift-sapply,  valleys  were  often  filled 
t  to  a  certain  height  with  drift  extending  uniformly  and  con> 
laouely  across;  but  in  the  greater  part  of  the  district  desoribed  in 
e  paper,  the  filling  np  of  the  valleys  (according  to  the  aathor) 
ust  have  been  very  partial  and  unequal,  so  that  the  rivers, 
■nerally  speaking,  found  ready-made  channels  after  the  final 
[lergence  of  the  land.  "  In  many  places  the  denudation  (effected 
'  the  rivers)  would  amount  to  cutting  a  slice  out  of  the  side  of 
le  knoll,  and  leaving  a  knoll  or  drift- si  ope  on  the  other  side  of 
e  valley  unscathed,  or  it  would  take  the  form  of  a  lateral  encroach- 
ent  on  a  knoll  or  slope,  so  as  to  leave  either  a  straiglit  or  horse- 
loe-shaped  cliff-line,  the  opposite  side  of  the  valley  still  retaining 
e  shape  given  to  it  by  the  sea."  After  supporting  his  ideas  by 
ferring  to  phenomena  in  the  courses  of  the  Dee,  Alyn,  and  Ceiriog, 

Morecambe  Bay,  the  estuary  of  the  Mersey,  the  pits  in  the  Irish 
^a,  English  Channel,  etc.,  the  author  concludes  with  the  following 
meral  account  of  the  north-west  of  England  and  Wales: — "I 
tlievB  this  area  includes  a  variety  of  phenomena  which  are  more 
Iculated  than  those  of  any  other  British  area  to  suggest  the  true 
quence  of  glacial  and  interglaoial  events.    Within  a  small  compass 

embraces  plains,  wide  and  narrow  valleys,  cwms,  lakes,  table- 
nds,  groups  and  ranges  of  mountains,  and  neighbouring  sea-beds. 
I  ascending  order  it  contains,  (Ist)  pre-glaeial  white  clay  and  sand  ; 
!nd)  two  if  not  three  kinds  of  lower  boulder-drift  which  in  different 
atricts  go  under  the  names  of  rammel  (ground  moi'aine  of  Mr. 
ellard  Heade),  blue  clink,  pinnel  or  sammel,  in  addition  to  a 
lelly  lower  boulder-clay;  (3rd)  coarse  eaker-gravel- and -sand  of 
lly  or  adjacent  districts ;  (4th)  fine  sand  and  gravel  of  low-level 
ains;  (5th)  upper  boulder  or  brick-clay.  Southward  the  area 
ider  consideration  graduates  into  a  non-glacial  district.  Northwards 

graduates  into  the  Lake  District,  and  westwards  into  the  Snow- 
)niaR  and  Merionethshire  Districts,  in  both  of  which  are  to  be 
und  the  sure  signs  of  great  sheets  of  land-ice  and  glaciers — namely. 
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groups  of  dome-shaped  rocks  or  rofJes  moutmaUft,  often  croseing 
strati  fication  and  cleftvage,  showing  smoothly -rounded  aad  striated 
up-stream,  and  jagged  down-atreani  or  lee  sides,  and  occurring  at 
both  low  and  high  levels.  In  the  boulder-clay  of  the  plains  the 
intensely  glaciated  stones  (more  so  than  I  Lave  seen  or  heard  of  in 
any  other  part  of  the  British  Islea)  bear  witness  (as  I  have  else- 
where endeavoured  to  show)  to  the  action  of  floating  ioo.  There 
are  numerous  and  widespread  indications  of  the  transportation  of 
boulders  across  mountain- ranges  and  drainage -areas,  and  to  distances 
probably  not  paralleled  in  any  other  part  of  the  British  Islands.  In 
Eome  of  the  upland  cwms  and  valleys  there  are  perhaps  the  beat 
defined  tupTa-glaciol  moraiae»  to  be  met  with  anywhere  else  in  the 
kingdom."  This  is  followed  by  a  statement  of  the  newest  opinions 
at  which  the  author  has  arrived  oonoeruing  the  general  sequenoe  of 
glacial  and  interglacial  events.* 


Geological  Society  of  London, — I, — April  5,  1876, — Prof.  P. 
Martin  Duncan,  M.B.,  F.R.S.,  President,  in  tho  Chair.  The  follow- 
ing  communications  were  read  :— 

1.  "The  Bone-caves  of  Creswell  Crags,"— Second  paper.  By  the 
Eev.  J.  Magens  Mello,  M,A.,  P.G.8. 

In  this  paper  the  author  gives  an  account  of  the  eonfinAialiou  of 
bis  researches  upon  the  contents  of  the  caves  in  Creswell  Crags, 
Derbyshire.  The  further  exploration  of  the  Pin  Hole  Cave  described 
in  his  former  paper'  furnished  a  few  bones  of  Beindeer,  Wiinoeeroa 
tickorhintts,  and  other  animals,  but  no  more  remains  of  the  Arctio 
Fox,  which  were  particularly  sought  for.  Operations  in  this  cave 
were  stopped  because  the  red  sand  in  which  the  bones  were  found 
towards  the  entrance  became  filled  with  limestone  fragments,  and 
almost  barren  of  organic  remains.  The  author  then  commenced  the 
examination  of  a  chambered  cave  called  Bohin  Hood's  Cave,  situated 
a  little  lower  down  the  ravine  on  the  same  side.  The  section  of  the 
contents  of  this  cave  showed  a  small  thickness  of  dork  surfaoe-soil, 
containing  fragments  of  Roman  and  Sledieaval  pottery,  a  human 
incisor,  and  bones  of  sheep  and  other  recent  animals;  over  a  con- 
siderable portion  a  hard  limestone  breccia,  varying  in  thickness 
from  a  few  inches  to  about  three  feet ;  beneath  this  a  deposit  of  light- 
coloured  cave-earth,  varying  in  thickness  inversely  to  the  breccia, 
overlying  a  dark-red  sand  about  three  feet  thick,  like  that  of  the  Pin 
Hole,  but  with  patches  of  laminated  red  clay  near  the  base,  and 
containing  scattered  nodules  of  black  oxide  of  manganese,  and  some 
quartzite  and  other  pebbles,  which  rested  upon  a  bed  of  lighter- 
coloured  sands  containing  blocks  of  limestone,  probably  forming 
part   of  the  original  floor  of  the  cavern.      The  hard   atalagmitic 

■  For  Articles  on  Drtft-depMila  bf  Hr,  Mackiatoeb,  eee  Qbol.  Had.  for  Oct. 
and  Dec,  1870;  Feb.,  Jiuie,  and  Jnl]',  1S71;  Jan.  and  Sept.,  1873;  Feb., 
187*;  «»<■. 

'  See  QoMt  Jonrn.  Geol.  Boc  toL  uzi.  p.  G79. 
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breccia  contained  a  great  many  bones,  chiefly  of  small  ftninin.l8,  but 
with  Botne  of  Reindeer,  and  teeth  of  Rkinocerot  tichorhinui,  Hjtenu. 
Horse,  Water  Vole,  and  numerous  flint-flakea  and  chips,  and  a  few 
cores.  Some  of  the  flafcea  wore  of  superior  workmanship.  A  few 
quartzite  implements  were  also  found  in  the  breccia.  The  cave- 
earth  contained  a  few  flint  implements,  but  most  of  the  human  relics 
fonnd  in  it  were  of  quartzite,  and  of  decidedly  Palreolithic  aspect. 
There  was  also  an  implement  of  clay- irons  tone.  Tlie  animal  re- 
mains chiefly  found  in  the  cave-earth  were  teeth  of  Horse,  Rhino- 
eerot  tichorhinui,  and  Hyffina,  and  fragments  of  both  jaws  of  the 
la«t- mentioned  animal.  Bones  and  teeth  of  Reindeer  and  teeth  of 
Cave-Lion  and  Bear  also  occurred.  The  red  sand  underlying  the 
cave-enrth  contained  but  few  hones,  except  in  one  place,  where 
antlers  and  bones  of  Beindeer  and  bones  of  Bison  and  Hyeena 
occurred.  At  another  part  a  small  molar  of  Elephaa  primigeniut 
was  found.  A  large  proportion  of  the  bones  had  been  gnawed  by 
Hyasnas,  to  whose  agenoy  the  author  ascribed  the  presence  of 
most  of  the  animal  remains  found ;  but  be  remarked  that  no 
coprolites  of  Hyienas  had  been  met  with.  The  following  is  a  list 
of  the  animals  whoso  remains  ocourred  in  this  cavern : — Felit 
leo  (var.  »ptlaa),  Si/ana  eroetita  (var.  ipelcea),  Urstu  aretoB,  U./erox, 
Cami  /amiliaTis,  G.  lupus,  C.  wipes,  Elephai  primigeniut,  Equua 
cdb<dla».  Rhinoceros  tichorhinus.  Bos  bison  (var.  priscus),  Bog  longi- 
frotu.  Copra  hircva,  Sus  lerofa,  doTaestieui  and  ferox,  Cervus  mega- 
eerot,  G.  taramdus,  Amieola  ampAiiitu,  and  Lepus  timidus. 

2.  "  On  the  Mammalia  and  Traces  of  Man  found  in  the  Eobin 
Hood  Cave."  By  W.  Boyd  DawktuB,  Esq.,  M.A.,  F.R.S.,  r.G.S., 
F.S.A.,  Professor  of  Geology  and  Palieontology  in  Owens  College, 
Manchester. 

The  author  noticed  the  varioas  species  of  animals  discovered  by 
Mr.  Hello  during  the  researches,  the  results  of  which  are  given  in 
the  preceding  paper,  and  drew  certain  conclusions  from  their  mode 
of  oocnrrenoe  as  to  the  history  of  Bobtn  Hood's  Cave.  He  con- 
sidered that  the  cave  was  occupied  by  Hytenas  during  the  formation 
of  the  lowest  and  middle  deposits,  and  that  the  great  majority  of 
the  other  animals  whose  remains  occur  in  the  cave  were  dragged 
into  it  by  the  Hytenas.  That  they  served  as  food  for  the  latter  is 
shown  by  the  condition  of  many  of  the  bones.  Curing  this  period 
the  red  sand  and  clay  of  the  lowest  stratum  was  deposited  by  occa- 
Eional  floods.  The  red  loam  or  cave-earth  forming  the  middle 
stratam  was  probably  introduced  during  heavy  rains.  The  occupa- 
tion of  the  cave  by  Hyaenas  still  continued,  bnt  it  was  disturbed 
by  the  visits  of  PaUeoUthio  hunters.  The  remains  fonnd  in  the 
breccia  indicate  that  the  cave  was  inhabited  by  man,  and  less  fre- 
quently visited  by  Hytenas  than  before,  l^e  presence  of  vertebras 
of  the  Hare  in  the  breccia  would  imply  that  the  hunters  who  occupied 
the  cave  had  not  the  dog  aa  a  domestic  animal.  After  a  discussion 
of  the  relations  of  the  animals  forming  the  fauna  of  the  cave,  the 
author  proceeded  to  describe  the  traces  of  man  found  in  it.  which 
consist  of  fragments  of  obarcoa),   and  implemeutB  me.&a  ol  «nl(\.« 
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and  mammotli  tooth,  qnartzite,  ironstone,  greenstone,  and  flint. 
The  distribution  o£  these  implements  in  the  cave  representa  tliree 
distinct  gtogoB.  In  the  cave-earth  the  existence  of  man  is  indicated 
by  thei  quartzite  implements,  which,  are  far  ruder  than  those  generally 
formed  of  the  more  easily  fashioned  flint.  Out  of  &4  worked  quartz- 
ite pebbles  only  three  occurred  in  the  breccia,  while  of  267  worked 
flints  only  eight  were  met  with  in  the  cave-earth.  The  ruder  imple- 
menta  were  thus  evidently  the  older,  corresponding  in  general  fomi 
with  those  asfiigneil  by  De  MortLllet  te  "  the  age  of  Monstier  and 
St.  Acbeul,"  represented  in  England  by  the  ruder  implements  of  the 
lower  breccia  in  Kent's  Hole.  The  newer  or  flint  series  includes 
some  highly  finished  implements,  such  as  are  referred  by  De 
Mortillet  to  "  the  age  of  Solutre,"  and  are  found  in  England  in  the 
cave-earlh  of  Kent's  Hole  and  VFookey  Hole.  The  discovery  of 
these  implements  considerably  extends  the  range  of  the  Palieolithic 
buotcTB  to  the  north  and  west,  and  at  the  same  time  estAblisbes  a 
direct  relation  in  point  of  time  between  the  ruder  types  of  imple- 
ments below  and  the  more  highly  finished  ones  above. 

3.  "  Notes  on  the  Gravels,  Sands,  and  olher  Superficial  I>eposits 
in  the  Neighbourhood  of  Newton -Abbot."  By  Horace  B.  Woodward, 
Esq.,  F.G.8. 

The  writer  pointed  out  that  most  of  the  deposits  termed  Upper 
Greensand  in  tie  immediate  neighbourhood  of  Newton-Abbot  wore 
in  reality  intercalated  with  -coarse  gravel-beds,  containing,  among 
others,  frngmtuts  of  greensand,  chert,  and  chalk  flint.  He  con- 
sidered that  the  only  traces  of  Greensand  in  aiiH  were  probably  on 
the  summit  of  Miiber  Down  and  east  of  Combe  Farm,  deposits 
which  were  identified  by  Mr.  Godwin -Austen.  But  he  oould  not 
agree  in  the  identification  of  Greensand  at  other  localities  in  the 
Bovey  Valley,  considering  the  few  fossils  found  to  have  been  derived, 
and  with  much  other  material  to  liave  been  evidently  due  to  the 
denudation  of  Chalk  and  Greensand,  He  pointed  out  the  geogra- 
phical distribution  of  these  beds  of  aand  and  gravel,  which  extend 
from  the  hill-tops  bordering  the  Bovey  Valley  to  near  the  bottom  of 
the  valley,  but  do  not  descend  into  any  outlying  valleys.  He  like- 
wise alluded  to  the  peculiar  dip  into  the  valley  which  affects  these 
beds  in  several  places,  and  observed  that  sometimes  they  rested  on 
the  Bovey  Clays  and  Lignites.  He  thought  some  conaexion  in  their 
method  of  formation  might  be  traced  with  somewhat  similar  deposits 
on  the  Holdon  and  Black  Down  Hills. 

He  pointed  out  that  the  "  Head  "  at  the  bottom  of  the  valley  was 
sometimes  not  to  be  distinguished  from  the  older  gravels,  from 
which,  however,  it  was  largely  derived.  Ho  alluded  to  the  discovery 
of  bones,  a  bronze  spear-head,  and  a  wooden  doll  or  idol  in  this 
deposit ;  observing  that  they  indicated  the  rapid  accumulation  of 
gravel,  and  that  this  indication  was  one  out  of  many  that  might  be 
given,  that  our  modern  river-gravels  are  to  a  great  extent  made  up 
of  older  gravels. 

VIn  conclusion  the  writer  alluded  to  some  of  the  deposits  now 
rming  on  the  margin  of  the  Teign  eGtuary,  and  whicli  are  identical 
~'  racter  with  the  Triamo  biecou. 
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■4.  "On  certAin  Ailnvial  Deposits  associated  with  the  Plymouth 
Limeetone."     By  E.  N.Worth,  Esq..  F.G.8. 

The  author  aiidnoed  certain  depoeits  found  in  fisBureB  and  civerns 
of  the  Plymouth  Limestone,  as  furnishing  evidence  in  opposition  to 
the  views  advocated  by  Mr.  Belt  in  his  paper  on  the  Drifts  of  Devon 
and  ComwalL'  The  best  examples  occur  at  Plymouth  Hoe,  where 
the  chief  deposit  fills  a  large  "pocket"  in  the  limestone,  and  con- 
Bists  (beneath  the  turf)  of  a  bed  of  clayey  soil,  containing  pebbles 
■nd  small  bonlders,  beneath  which  are  patches  of  white  and  rod  c^Iay, 
containing  a  few  pebbles,  and  overlying  a  large  quantity  of  siliceous 
aand.  Similar,  but  slightly  varying  deposits,  not  {infrequently  occur 
in  association  with  the  Limestone ;  and  these  are  regarded  by  the 
author  as  the  remains  of  considerable  deposits  which  once  occupied 
large  areas  in  the  valleys  of  S.  Devon  ;  and  if  thoy  are  not  the  low- 
land g»Tels  (^  Ur.  Belt,  the  latter  are  not  represented  ia  the  diBtrict. 
The  anthor  states  that  there  is  evidence  of  tlie  oont^mporaneity  of 
these  deposits  with  those  of  the  Oreston-  oaves ;  uid  hs  adds  that 
they  famish  no  proof  of  cataclysmal  action,  but  of  orderly  deposition, 
tiie  bulk  of  the  pebbles  and  gravels  being  inland  nearer  the  sonroe  of 
the  dibrig,  aoA  further  off  the  sands  and  clays  in  fairly  regular 
succession.  The  author  further  explains  the  presence  in  Cornwall 
of  stanniferous  gravels  only  in  valleys  opening  to  the  south,  by 
reference  to  the  position  of  the  watershed  in  that  county,  which  has 
only  two  rivers  running  to  the  north,  whilst  on  the  south-east  rivers 
abound. 

n.— April  26,  1876.  — Prof.  P.  Martin  Duncan,  M.B.,  F.K.S.. 
President,  in  the  Chair.  —  The  followii^  communications  were 
read: — 

1.  A  Translation  of  a  Notice,  by  Capt.  Miaulis  of  the  Greek  Boyal 
Navy,  of  the  Occurrence  of  a  Submarine  Orai«r  within  the  Harbour 
of  KaravoBsera,  in  the  Gulf  of  Arta.  Communicated  by  the  Secre- 
tary of  State  for  Foreign  Affairs. 

2.  "The  Physical  History  of  the  Dee,  Wales."  By  Prof.  A.  C. 
Ramsay,  LL.D.,  F.E-S.,  V.P.G.S. 

The  author  stated  that  he  regarded  the  valley  of  the  Dee  as  mainly 
preglacial  throughout,  and  sketched  the  physical  history  of  the 
region  through  which  it  runs.  The  Silurian  rocks  were  mnch  dis- 
turbed and  denuded  before  and  during  the  Carboniferous  period,  and 
the  Carboniferous  Limestone  was  deposited  very  unoonformably  on 
the  upturned  edges  of  both  Lower  and  Upper  Silurian  strata,  and 
once  spread  all  over  the  region,  probably  overlain  by  the  Millstone- 
grit  and  Coal-measures,  as  now  in  the  east  of  Denbighshire  and 
Flintahire.  The  re^on  was  again  disturbed  and  elevated  during 
the  formation  of  the  Permian  deposits,  and  then  by  subaerial  denuda- 
tion  a  great  part  of  the  Carboniferous  series  was  removed  down  to 
the  old  plain  of  denudation  of  the  Silurian  rocks,  the  surface  of 
which  thus  probably  stood  higher  than  it  does  at  present,  being  in 
the  midst  of  a  broad  continent^  area.  From  a  consideration  of  the 
>  See  Qiuit.  Joum,  Geol.  Soc.  toI.  luii.  p.  SO. 
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fidnditiaaa  of  deaoiitiBii  of  tba  Mitnoic  »aA  Teitiuy  fcNrmatioiis  the 
uithor  coodiided  dtt^  fraa  tk«  inKuming  of  the  Permun  to  that  of 
the  Glacial  epodk,  the  lii|1in  gfomd  of  Walea  waa  Iac^  well  raia«d 
above  the  na^  «xo«pt  pgria^  dnin^  the  depoatioD  of  th«  Chalk, 
aad  that  dtsiag  all  thw  penod  it  was  exposed  to  the  infloenoe  of 
mbaenal  ■j.-aali  of  dautdatiaa.  He  indicated  the  oondilJOQS  of 
eleTatJoo  at  dn  old  tableland  of  Chiboiuferoiis  rocks,  and  ahowed 
that  it  bad  pnilMfalj  a  alope  tawmrda  the  east  and  oorth-cast  to  the 
axteot  of  ahont  S3  fieet  in  a  mile.  ^le  drainage  of  this  land  then 
flowed  in  an  eacterlj  and  oorth-«aBteriy  direction  along  the  earliest 
dwnnel  of  the  Dee,  wliidi  wonld  be  at  an  elevation  bom  1300  to 
1400  feet  faigbei  than  the  pneeat  channel. 

During  the  Glacial  epocJi  ice-action  deepened,  and  more  or  le«s 
modified  the  existing  i&annel,  and  scoc^>ed  out  the  basin  of  Bala 
Lake,  which  was  not  previoosly  in  existence.  The  general  results 
of  this  inTOstiganoD  are  »s  follows: — After  the  last  important  dis- 
tnrbiiDce  of  the  Pre-Pemiian  rocks.  North  Wales  was  carved  slowly 
and  by  subaerial  agencies  into  its  present  monatsinoas  form  chiefly 
between  Permian  and  Preglacial  times.  The  n~ork  of  the  ^Aciers 
of  the  Ifttter  period  somenhat  deepened,  widened,  smoothed,  and 
atriateii  the  minor  ontlines  of  the  mountains  and  valleys,  and  exca- 
vated many  rock-txinnd  lake-bosioa^  but  did  not  effect  any  great 
changes  in  the  oontoais  of  the  country.  A  minor  eubmei^eoco  of 
part  uf  Britain  diinng  part  of  the  Glacial  epoch  produced  no  im- 
portant effects  on  ihe  large  outlines  of  the  rocky  scenery;  and  the 
effects  of  Bobaerial  waste  sobeequent  to  the  Glacial  epoch  have  been 
oomparatively  small. 

3.  "  On  the  Ancient  Tolcano  of  the  District  of  Schemnitz,  Hun- 
gary."    By  John  W.  Judd.  Esq.,  F.G.S. 

The  old  voleanoe  of  Hungary  have  long  been  known  to  present 
some  yei7  interesting  illustrations  of  the  relations  between  the 
igneous  roc^s  «rapted  at  the  sar&oe  and  those  which  have  con- 
solidated at  a  otmraderable  depth  beneath  it.  The  district  in  which 
these  phenomena  can  be  best  studied  is  that  of  Schemnitz;  but 
although  this  ares  has  been  very  carefully  mapped  and  explored  by 
a  number  of  able  inveeti^tors,  the  greatest  diversities  of  opinbn 
still  exist  oonoemin^  the  relations  of  certain  of  the  rook-masses 
exposed  within  it 

Over  an  area  nearly  fifty  miles  in  diameter  enormous  accumu- 
lations of  ondente  and  qttarU-andetiU  lavas  and  agglomerates  have 
been  erupted,  these  now  forming  a  group  of  mountains  rising  from 
3000  to  4000  feet  above  the  sea-level,  and  culminating  in  a  great 
ring  of  precipitous  heights  overlooking  a  depressed  central  area  of 
oval  form,  the  site  of  the  famous  mining  towns  of  Schemnitz, 
Eremnitz,  and  Eonigsberg.  In  the  midst  of  this  depressed  central 
area  there  occurs  a  considerable  development  of  rhyolitie  lavas  and 
tuffs,  and  more  scattered  outbursts  of  batalt  From  the  magnificent 
floras  associated  with  the  various  volcauio  tuffs,  we  know  that  the 
andesitio  rooks  were  erupted  during  the  earlier  portion  of  the  Upper 
kUJooene  period  and  the  rhyolitie  towards  its  dose,  while  the  basalts 
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Besldea  the  rhyoHtes  and  basalts,  however,  there  are  certain 
other  rocks  exposed  in  the  oentral  area  of  the  Sohemnitz  district, 
the  relations  of  which  it  is  very  difficult  to  understand.  These 
oonsist  of  (I)  strata  of  Lower  Trias  and  NunimuliHc  age,  through 
the  midst  of  which  the  volcanic  onthursts  have  evidently  taken 
place ;  (2)  massea  of  highly  metamorphic  rocks,  including  quartzites, 
ct^'stalline  limestones,  varions  schists,  gneiss  and  aplito ;  and  (3) 
undoubted  eruptive  rooks,  which  have  usually  been  called  "  syenit« 
and  granite,"  but  for  which  the  names  of  "  diorite  and  quartz- 
diorite  "  would  perhaps  be  more  appropriate,  inasmuch  as  the  pre- 
vailing felspar  in  them  is  always  a  plagioclase  variety. 

By  Beudant  and  other  early  writers  the  andesitic  lavas  were 
reoc^nized  as  volcanic  products  of  a  comparatively  recent  geological 
period,  while  the  "granite,  syenite,  and  greenstone"  were  regarded 
4B  being  of  far  more  ancient  date.  By  Von  Pottko,  Bichthofc-n,  and 
kll  the  more  recent  investigators  of  the  district,  however,  it  has  been 
olearly  perceived  that  the  "greonstonea "  are  certainly,  like  the 
tndesites,  of  Tertiary  age,  and  hence  such  names  as  "  greeuatoue- 
trachyte "  and  "  propyiite "  have  been  applied  to  them.  The 
studies  of  the  author  of  the  present  memoir,  both  in  the  field  and 
in  the  cabinet,  have  led  him  to  the  concluj-ion  that  the  granitic, 
porphyriUc,  and  lava  rocks — which  were  formerly  called  "  syenite," 
"  greenstone,"  and  "  trachyte  "  respectively— are  all  of  nmtiur  eom- 
poiilion  and  eqmvaiml  age,  and  that  they  differ  only  in  their  more 
or  less  perfect  state  of  crystallization,  the  result  evidently  of  varia- 
tions in  the  conditions  under  which  they  have  consolidated.  He  is 
further  led  to  regard  the  metamorphic  masses  around  the  several 
intrusive  centres  as  being  not,  as  has  hitherto  been  maintained,  of 
"  Primaiy  "  (Devonian  or  Permian)  age,  but  simply  TriaBsio  rooks 
affected  by  local  or  contact  metamorphism. 

The  real  stmcture  of  the  great  Scfaemnitz  volcano  was  first  recog- 
mtoA  by  Von  Pettko  in  1846,  though  this  author  erroneously 
r^&rded  it  as  presenting  an  example  of  a  "  crater  of  elevation." 
Hie  history  of  the  formation  and  destruction  of  this  volcano  is  now 
•hown  to  be  OS  follows  : — After  some  small  and  scattered  outbursts 
of  rooks  of  acid  composition  towards  the  close  of  the  Oligooene 
period,  the  grand  eruptions  of  andesitic  lavas  of  the  Miocene  began, 
througli  the  agency  of  which  a  volcano  of  larger  dimensions  tiian 
Etna  was  graduaUy  built  up,  hy  both  central  and  lateral  eruptions. 
In  the  midst  of  this  volcano  a  crater  of  enormous  dimensionB  was 
formed,  doubtless  by  some  great  paroxysmal  outbreak,  and  by  the 
subsequent  subsidenoe  of  the  mountain  the  sea  gained  access  to,  and 
by  denndation  greatly  enlai^^  the  area  of  this  "  Caldera."  Tlien 
in  the  central  lagoon  of  the  caldera  a  number  of  minor  eruptions, 
first  of  acid  and  then  of  basio  rocks,  took  place ;  and  the  volcano, 
which  at  this  period  of  its  history  must  have  closely  resembled  the 
existing  island  of  Santorin,  was  again  upheaved  from  beneath  the 
sea,  and  exposed  to  the  wasting  effects  of  eubaerial  denudation. 
The  gradual  decline  of  the  volcanic  forces  in  the  district  was  marked, 
as  is  nsoally  tlie  case,  by  the  appearauoe  of  hot  &ad  imii«n]L  n^'noj^ 
discibsi;^  of  gaa,  ocoaaional  earthquake*,  etc 
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Wliile  affording  such  remarkable  examples  of  the  perfect  transiljon 
between  tlie  so-callod  plutonio  anit  the  Tolcanic  classea  of  rocks,  and  of 
the  phenomena  of  contact  melamorphiBin,  the  granitic  masses  of  the 
Scheinnits;  district  are  without  question  truly  intrusive;  and  a  careful 
study  of  them  lends  no  support  whatever  to  the  hypothesis  that 
Bucb  rocks  may  be  formed  by  the  extreme  metamorphism  of  sedi- 
nionts  in  ifiiu.  Tiiere  is  the  most  complete  proof  that  in  the 
Schemnitz  district  the  formation  of  true  mineral  veins,  oontaining 
gold,  silvur,  aod  other  metals,  has  taken  place  within  the  moet 
recent  geological  periods;  in  some  casus,  indeed,  at  a  later  date 
than  the  Pliocene. 


TnB  Obo LOGICAL  SooiiTY  OF  Stookbolm. 
(Qeolooihka  Fdkeniinobn  I  Stoceuolk.) 

This  Society,  which  has  members  also  in  Norway,  Finland,  and 
Denmark,  was  founded  at  the  end  of  the  year  1871.  It  meets  once 
a  month  from  November  to  May,  and  after  each  meeting  is  published 
one  number  of  the  journal  "  Geologiska  Fijieningens  i  Stockholm 
FiJrhandliugar "  (Proceedings  of  the  Geological  Society  of  Stock- 
holm), which  has  hitherto  contained  only  original  articles  on 
geology,  palffiontology,  mineralogy,  raining,  etc.  The  jonmal  is  to 
be  had  of  MesHrs.  Samson  and  Wallin,  Stockholm,  at  a  cost  of  G 
Swedish  crowns  a  year. 

The  volume  of  Iho  journal  has  increaBed  year  by  year.  For  the 
year  1875  it  contained  354  pp.  text,  16  tables,  and  several  figures 
in  the  text. 

Communications  for  the  journal  may  be  addressed  to  the  Secretary 
of  the  Society,  Edvard  Erdmann,  Geologist  of  the  Geological  Survey 
of  Sweden,  Stockholm. 

I.— Meeting.  January  15,  1876,— C.  F.  Wtem,  Esq.,  F.B.  Swed. 
Acad.  Science,  etc.,  in  the  Chair, 

Prof.  G.  Nordenstrom  described  the  geological  natnre  of  the 
Solstad  copper-mine,  in  Southern  Sweden,  and  exhibited  Gome 
sections  and  a  model  of  the  mine. 

Mr.  0.  Gumeelius  made  some  observations  on  the  glacial  deposits 
of  Sweden. 

II.— Meeting,  February  3,  1876.— C.  F.  Wsem,  etc.,  in  the  Chair. 

Dr.  Th.  Nordstrom,  on  the  geology  of  the  Falun  copper-mine. 
The  ore  is  supposed  to  be  the  lower  part  of  a  very  large,  perpen- 
dicular lens,  whose  upper  end  was  denuded  during  the  glacial  period. 
It  is  enclosed  in  quartzite,  which  rock  is  surrounded  by  mica-schist 
and  hiilleflinta. 

Prof.  A.  K.  Nordenskiold  exhibited  and  described  some  minerals 
from  the  Ural,  among  which  was  a  diamond-like  mineral,  demanloid, 
which  has  the  crystalline  form  of  the  garnet,  and  probably  is  nothing 
but  garnet     In  Ural  it  is  improperly  named  fcrysolite. 

Mr.  A.  E.  Tomebohm  read  a  paper  by  Mr.  A.  Sjogren :  "  On  the 
Mode  of  Occurrence  of  theTabei^  Iron-ore,  in  the  Province  Smaland 
in  Sweden."    Mr.  Sjogren  hae  pto'v«d,  by  means  of  microsoopictd 
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inveetigfttioQ,  that  Mount  Taberg  is  on  the  whole  composed  of  an 
ftlmost  homogeneons  rock,  which  haa  a  hitherto  unknown  composi- 
tioD  of  maguetio  iron-ore  and  olivine. 

Mr.  A.  Liodstrdm  eihibited  crystals  of  ealc-spar  and  quarlz, 
found  in  Scania  in  a  kaolin-like  Boulder-clay. 

m.— Meeting,  March  2.  1876.— 0.  F.  Warn,  etc.,  in  the  Chair. 

Mr.  A.  E.  Tomebohm  spoke  of  the  iron-ore  mines  of  Dannemora, 
and  exhibited  rock -epeci mens  and  maps  and  sections  of  the  mine. 
The  ore  occurs  in  parallel  layers;  it  is  enclosed  in  crystalline  lime- 
stone, which  i  a  imbedded  in  "halleflinta"  and  "oua-yte,"  confined  by 
Byenitio  granite, 

Mr,  Fahlcrantz  exhibited  maps  and  sections  which  he  had  made 
of  the  same  mine. 

Dr.  N.  0.  Hoist  gave  an  account  of  his  theory  of  the  origin  of 
pebble-ridges  (Karnes,  Eskers,  Swed.  "Asar"}.  According  to  this 
theory  these  "asar"  had  been  formed  in  the  channels  which  the 
w&ter  from  the  melting  iuland-ice  has  carved  in  and  through  tlic 
ice.  The  material  has  been  produced  from  gravel  and  stones,  which 
formerly  were  enclosed  in  the  ice,  hut  by  the  melting  were  awepi 
di>n-D  inlij  iho  cLinnule  beiiuatii. 

Prof.  Nordenskiiild  exhibited  and  described  some  minerals  from 
the  TJral,  among  which  was  an  extremely  large  and  beautiful 
specimen  of  native  platina. 

Prof.  Nordenstrom  exhibited  a  model  of   the  oopper-mine 
Atvidaberg  in  the  centre  of  Sweden. 

IV.— Meeting,  April  6,  1876.— C.  F.  Wrem,  etc.,  in  the  Chair. 

Dr.  O.  LinnarEson  first  made  some  remarks  on  the  geology  o\ 
Mount  Omberg,  in  the  centre  of  Sweden.  He  then  referred  to 
a  marine  gravel-bed  deposited  upon  a  layer  of  fresh-water  peat  on 
Gotland,  many  feet  above  the  sea.  In  consequence  of  the  last  com- 
munication there  arose  a  discussion  between  Messrs.  Torell,  Wsem, 
and  Nordenskiiild,  with  special  reference  to  the  distribution  of  land 
and  sea  during  the  glacial  period,  and  whether  the  Baltic  and  the 
Polar  sea  during  this  period  had  any  connexion  with  each  othei 
or  not.  Mr.  Torell  thought  that  such  a  connexion  was  not  yel 
proved. 

Mr.  E.  Erdmann  exhibit«d  some  specimenB  of  fire-clay  and  fire- 
stones  from  Stabbarp  coal-mine  in  Scania.  A  atone  composed 
of  Swedish  materials  had  for  four  months  been  heated  in  a  por- 
celain-kiln at  Malmii  (Sweden),  together  with  a  stone  from  Brieg 
\a  Schlesien,  which  latter  baa  hitherto  been  considered  at  the 
porcelain-manufactory  in  Berlin  as  of  the  beat  quality  known 
by  this  test  the  Swedish  stone  showed  no  alteration,  but  the 
Brieg  stone  became  almost  totally  melted  down.  Mr.  Erdmann  also 
described  a  peculiar  phenomena  of  jointing  in  flint.  By  a  single 
blow  of  the  hammer  on  a  piece  of  flint,  some  parts  of  the  latter  had 
splintered  away;  but  exactly  where  the  blow  of  the  hammer  had 
aicted,  a  r^ular  oone  had  been  left  standing.  Two  specimens  with 
such  cones,  half  an  inch  large,  were  exhibits.     (,8e«  -5.  ^S,  at  f  oii\>i 
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Prof.  A.  E.  Nordenskiold  next  doBcribed  Bome  new  disooveries  of 
minerals  at  Nortimarken  aud  LSngban  in  the  Province  WermUnd. 
Magnificent  crystals  of  zinkbleade,  in  tetrahedrons  with  ono-inch 
edges,  of  magnetic  iron-pyrites,  etc.,  had  been  found.  The  Pro- 
fesaor  (hen  made  some  remarks  in  connexion  wilh  a  paper :  "  Om 
de  Nordenskioldske  jcemmasser"  (On  the  Nordenskioldian  Iron- 
maGGes)  by  Eand.  E.  A.  V.  Steenstmp. 

OlOLOOIBIU    FuBinniQEHg    I    StO(IKH0LM    pDRItAHDI.IXGB)r. 

(Proceedings  of  the  Gealogicil  Socie^  of  Stoclibolm.] 
Vol.  III.  No,  1.  (CoDlnnta].— NordensUom,  O.  Furtber  Account  of  the  Sohlld 
Capper-mine  in  Sweden,^ — GumieliaB,  0.  Sumo  Ubservntiom  on  the  Qlacisl  DmxMti 
•f  Sweden.— Tborold,  A.  F.  Is  the  Leagtb  of  Time  TimlM  for  the  Reproductum  of 
I;ake-and  Bog-orea  known  t  vid  if  bo,  how  large  i>  that  Time  F — Listof  Membenot 
tbe  Gaol.  Sew.  of  Stotkholm  at  flie  bBginniug  of  the  yettr  1876. 

Vol.  III.  No.  2.— Sjogren,  A.  On  the  Mode  of  Occurrence  of  the  Taherg  Inm- 
ore  in  tbe  Province  Smikland,  Sweden. — Petteisen,  E.  On  Beiiicntine-  and  Olirin^ 
rocks  io  Northern  Nonra^. — Linuaneon,  G.  Geologic  Obgerrstiaiu  during  a 
joumej  on  Gland. 

Vol.  Ill,  No.  3. — Lnndgren,  D.  On  the  Species  of  Inocerannu  in  the  CrBtaMem 
Beds  of  Sweden.— Hoist,  N.  0.  On  the  Glai'ial  GrHTel-ridgni  (ABar).— Widmm,  0, 
ContribuUuu  to  tbe  Enowledee  of  the  Compueition  of  CondrudJte. — Eugttrom,  K. 
Analjeis  of  eo-cu] led  pale  Knebclit  from  Danaemura.  (Tbi?  miaeral  i^i,  owordine  to 
Prof.  Kordenskjijld,  Pjfrosmulite).— Nordanikiold,  A,  E.     Kupgerpechori  from  Vni. 

ABSENCE  OF  THE  LLANDOVERY  ROCKS  IN  TITE  LAKE  DISTRICT. 

Sir, — I  see  in  his  Table  of  Silurian  Strata,'  Mr,  Hicks  assumeathat 
both  the  Upper  and  Lower  Llandovery  beds  are  represented  in  the 
Lake  IMstrict.  This  is  not  the  case,  both  Ibe  Upper  and  Lower 
Llandovery  are  absent  in  tbe  Lake  District.  The  lowest  beds  of  the 
Upper  Silurian  inlhe  Lake  District  are  the  eqnivalents  of  the  Tarannon 
Shales  (locally  called  Stockdale  Shales),  lying  at  the  base  of  the 
Goniston  Grita  and  Flags,  which  are  equivalent  to  the  Denbigfaahire 
Grits  and  Flaga. 

The  Tarannon  or  Stockdale  Shales,  with  which  are  associated  the 
black  Graptolitio  mndstones,  rest,  with  a  very  slight  unconformitf , 
on  the  Coniston  Limealone  series,  which  is  not  the  representative  of 
the  Hirnaut  Limestone  only  (a  anjall  calcareous  band  near  tlie  top 
of  tbe  Bala  Beds  in  North  Wales),  but  of  a  much  gi-eater  thickness 
of  the  Bala  series.  The  Coniston  Limestone  series  consists  of  various 
thicknesses  of  shale,  lirnestone,  and  ashy  sandstone.  Between  this 
series  and  the  great  snbaerial  volcanic  series  of  the  Lake  District 
there  is,  &s  I  have  before  shown,*  a  considerable  break. 

Kbkdal,  1th  April,  1876.  W.  Talbot  Atbuhe. 


WASTE  OF  INSULAR  LAND  BY  THE  SEA. 

Sib, — Some  time  ago  I  came  across  an  ancient  map  showing,  at 

three  different  periods,  the  size  and  form  of  the  Island  Helgelandt 

(Helgoland).     Even  if  the  map  is  not  striotlj  aconrate,  it  may,  I 

think,  be  considered  approximately  so,  and  worthy  of  being  repro- 

1  Gbol.  Uad.  Apiil,  1876.  *  OioL.  Hao.TiJ.  IX.  p.  441. 
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dnced  on  a  Bmnller  scale  in  the  Qeoldbioal  Magazine.     A  rull-sized 
copy,  on  a  scale  of  4  miles  lo  on  inch,  has  been  deposited  with  the 
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A  J),    no,  whni  in  mUM  Id 


^^^^^H  hiTbig  entinlj  diiappaand,  u 

On  looking  at  the  map,  one  caimot  fail  to  notice  the  rapidity  mth 
which  the  island  formerly  disappeared,  on  area  of  something  like 
500  aqnare  miles  having  l:wen  removed  in  a  period  of  500  years.  In 
the  following  350  years,  100  milos  only  were  reduced,  leaving  an 
area  of  4  mileB,  which  since  1649  has  diminished  to  a  mere  speck 
less  than  jt  of  a  mile  in  superficial  extent 

There  are  traditions  that  the  island  was  suddenly  reduced  by  incur- 
sions of  the  sea,  but  these  probably  are  true  as  regards  oomparativelj 
small  portions  only.  The  erosion  has  dcubless  been  constant  and 
gradual,  the  portion  which  still  remains  having  been  ftvm  some  cause 
able  the  longest  to  resist  the  agenoiea  of  denudation. 
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and  before  the  Middle  and  Upper ;  and  a  paragraph  to  this  effect 
was  inserted  in  the  Introduction  to  the  Ciag  MoUusca  Supplement 
by  Mr,  Hanner  and  myself,  which  is  publiahed  in  the  volume  of  the 
Polwontographical  Society  for  1871. 

■'  With  reference  to  the  observation  that  all  the  great  features  of 
the  country  had  come  into  existence  before  the  Glaoial  period,  I  have 
already  explained  that  several  years  ago  I  saw,  and  stated,  thnt  such  of 
those  great  features  ss  are  connected  with  the  curvilinear  esoarpmenta 
were  of  pre-glacial  origin.  What  1  have  long  contended  for  sgainBt 
the  general  opinion  of  geologistti,  and  etill  contend  for,  is  that  such 
of  these  great  features  as  are  connected  with  the  rectilinear  escarp- 
ments and  ridges  of  the  south  and  south-east  of  England,  as  e.g. 
those  of  the  Isles  of  Wight  and  Purbeck,  and  of  the  Portsdown  and 
Hogahttck  hills,  are  not  of  pre-glacial  origin  ;  but  that  thoy  origi- 
nated at  the  close  of  the  Glacial  period,  or  rallier  at  what  1  call 
earliest  post-glacial,  i.e.  at  (lie  cominencenient  of  the  emergence,  as 
explained  at  page  21  of  my  paper  in  the  Quarterly  Journal,  read 
Nov.  9,  1870. 

"It  would,  I  think,  save  much  misapprehension  and  confusion,  both 
now  and  in  future,  if  you  could  manage  to  have  this  letter  of  expla- 
nation inserted  at  the  end  of  your  paper  (if  it  is  printed),  and  before 
the  report  of  Ihe  discussion  upon  it.  Seablkb  V.  Wood,  Jun. 

"W.  H.  Pbsnino,  Esq." 


GLACIAL  OEIGIN  OP  LAKE-BABINS. 

SiK, — It  appears  to  me  that  stratigraphical  evidence  can  most 
successfully  dispute  the  verdict  of  "  not  proven "  brought  by  Mr. 
Judd  against  Prof.  Kamsay's  theory  of  the  glacial  origin  "  of  certain 
lakes."  lliat  subsidences  of  the  crust  can  produce  rock-basins  is 
affirmed  both  by  historical  and  geological  evidence ;  but  if  the 
basins  chance  to  lie  among  strata  so  regular  and  well  exposed  tliat 
the  fact  of  subsidence  could  not  have  failed  to  record  itself,  and  if 
the  outcrops  on  the  contrary  tell  only  of  erosion,  theories  of  sub- 
sidence are  fairly  out  of  court ;  and  it  remains  only  to  fix  on  the 
erosive  agent. 

The  outcrop  of  the  Carboniferous  rocks  of  West  Northumberland 
is  so  marked  and  regular,  that  on  the  Ordnance  one-inch  map  the 
shawling  is  disposed  in  bars  alternately  dark  and  light,  representing 
linear  escarpments  with  their  interspaceB ;  and  among  these,  which 
may  be  said  to  dip  at  from  6°  to  12°,  and  are  clearly  pre-glactal,  lie 
rock-basins  known  as  the  "Northumberlandlakes."  Obviously,  if  these 
were  occasioned  by  localized  subsidence,  deviation  from  the  average 
line  of  strike  must  have  ensued  in  the  beds,  while  concentrated  erosion 
would  leave  an  excavated  outcrop  not  attended  by  aay  such  change. 
By  careful  and  repeate<1  observations,  I  find  the  latter  to  be  the  case. 
Tracing  the  scarped  outcrop  towards  the  water,  those  on  the  dipward 
side  of  the  basin  are  scooped  back  into  a  crescentio  curve,  those 
more  centrol  to  it  being  obliterated  altogether.  No  facts  can  be  more 
certain  than  that  (1)  subsidence  would  have  altered  the  dip  ap- 
ptvdabiy,  and  that  (2)  it  has  not  done  so ;  but  b;  simply  projecting 
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the  entbayed  outcrops  abreaet  of  the  features  oq  eithei-  hand,  tho  baaiu 
ia  filled  up,  aud  tho  pre-exietent  surface  approximately  restored. 

1  believe  that  these  are  not  isolated  oasea  of  rock-basius  demon- 
strably eroded.  Semerwater,  in  Yorkshire,  which  may  be  considered 
as  an  outlier  of  the  Lake  District  proper,  is  seemingly  bounded  by 
strata  nearly  horiaontal  and  obviously  undisturbed,  and  might  well 
form  a  link  between  the  small  Northumberland  lakes  and  those 
larger  basins  of  the  origin  of  which  do  strati  graphical  evidence 
se«nis  obtainable. 

The  comparative  infrequence  of  sharp  Byncliaals  even  in  some 
rocks  of  great  age  seems  to  militate  strongly  against  the  subsidence 
theory  of  lakes.  The  extraordinary  regulai-ity  of  the  Cambrian 
Sandstones  of  the  western  districts  of  Ross  and  Sutherland  I  believe 
to  be  quite  irreconcilable  with  the  great  numbers  of  rock-basins  in 
these  regions  on  any  theory  save  that  of  erosion.  From  Suilven 
more  than  200  lakes  and  tarns  can  be  counted,  yet  the  present 
surface  is  bnt  one  of  many  that  may  have  existed  during  the  progteas 
of  that  denudation  of  which  Mr.  Jndd's  Scottish  researches  so 
eloquently  toll.  If  the  movements  in  the  crust  had  been  half  bb 
rife  in  past  geological  ages  as  Mr.  Judd's  views  of  lake  formation 
require  for  the  recent  one,  the  Cambrians  could  scarcely  have  shown 
a  uniform  dip  for  ten  yards  together. 

In  conclusion,  rock -basins  I  believe  may  be  ranged  under  three 
heads.  1.  Those  demonstrably  due  to  subterranean  movements. 
2.  Those  demonstrably  due  to  erosion.  3,  A  large  number  of 
which  the  origin  is,  and  in  some  cases  may  always  remain,  doubtful. 

WiWt-OH-Tim,  HuoH  Milleb, 

jToy  8(*,  1876.  H.M.  Geol.  Survey  of  England  and  Wales. 


OLDEST  F0381L1FEE0DS  E0CK8  OF  SOBTHEBN  EUEOPE. 

Sib, — In  a  letter  inserted  in  the  Ma^  Number  of  the  Gkoloqioai, 
Maoazime,  Mr.  Hicks  makes  some  objections  to  my  paper  on  die 
Oldest  Fosailiferous  Hocks  of  Northern  Europe  in  the  April  Number. 
There  are  especially  two  points  in  which  Mr.  Hicks  thinks  that  my 
views  are  incorrect  and  endeavours  to  corroborate  his  own. 

Firstly,  Mr.  Hicks  attempts  to  demonstrate  that  the  Swedish  area 
cannot  have  been  depressed  at  as  early  a  period  as  the  British,  by 
reasoning  as  follows :  The  Cambrian  and  Lower  Silurian  rocks  of 
Sweden  have  an  average  thickness  of  1000  ft.,  while  the  British  are 
30,000  ft.  in  thickness ;  there  is  no  reason  why  the  Swedish  area 
shonld  not  have  been  depressed  at  the  same  rate  as  the  British ;  the 
lowest  Swedish  beds  must,  therefore,  be  younger  than  the  lowest 
British,  for,  if  that  be  not  the  case,  we  must  auppoae  that  before  the 
close  of  the  Lower  Silurian  period  the  Swedish  sediments  were 
deposited  in  a  depth  of  29,000  ft.  of  water,  which  is  impossible,  as 
the  obaraclers  of  the  faunas  indicate  very  similar  conditions  in  the 
British  and  Swedish  areas.  If  we  draw  the  full  logical  consequences 
of  this  Mr.  Hicks'  reasoning,  we  come  of  necessity  to  the  conclu- 
sion that  all  the  strata  which  we  have  in  Sweden  been  used  to  refer 
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issneil  in  full,'  and  ia  wliich  he  regaided  tbe  marble*  as  metainor|ihic 
Lower  Lias,  and  the  "  CaJcare  msM) "  ai  tbe  representatiTe  of  tbe 
diphyahalk  of  tbe  Tenetian  Alps  (Upper  Oolitic). 

In  1S46  U.  Coqnand,  nstng  the  Ammonite  r^  bed  as  a  datani- 
lioe,  wa«  the  fint  to  realize  rocks  of  Triassic  age  ia  Tuscany,  in 
the  Orossetano  district.'  This  dnvr  a  reply  from  Pilla,  who  main- 
tuned  his  views  as  to  the  equivalence  of  the  Caleare  rotio,  altbooghhe 
admitted  that  the  palieonlological  eridence  was  entirely  against  them, 
and  now  referred  the  Carrara  marbles  to  the ''  Infia-Lias"  and  Bb^c. 
which  he  con^dered  as  the  equivalents  of  tbe  Gryphaa  araiala  beds.' 

In  tbe  meanwhile  Prof.  Savi  enonciated  very  similar  views,  recog- 
nizing nothing  below  tbe  Lias  in  the  district.  For  bim  tbe  CaUart 
Toi»o  was  Upper  Jurassic,  tbe  Carrvra  marbles  were  metamorphosed 
In£ra-Lias  and  Bbntic,  and  the  Verrocano  was  placed  below  them, 
but  as  also  belonging  to  the  Lia«6ic  series.* 

Again,  in  1851,  as  an  Appendix  to  their  translatioQ  of  Marchison'B 
memoir  "On  the  Geological  Structure  of  the  Alps,  Apennines,  and 
Carpathians,"  Savi  and  Meneghini  adopted  the  same  classification, 
with  slight  variations,  however,  such  as  making  tbe  npper  part  only 
of  the  Caieare  Tot*o  belong  to  tbe  Upper  Oolite,  the  lower  hning 
relegated  to  tbe  Upper  Lias,  the  stataary  roatbles  of  tbs  Apnan  Alps, 
Carrara,  Campiglia.  etc,  being  still  looked  upon  as  Lower  Lias. 

Coccbi  follon-cd  in  tlie  same  line,  bnt  placed  tbe  whole  of  the  led 
Amm.>nito  l-.-l  in  tl.t-  Li:is.' 

It  sbonld  be  mentioned  that  from  1850,  when  rocks  of  uodouhted 
Coal-Measure  age  were  aocidentally  discovered  in  the  province  of 
Florence,  the  existence  of  Carboniferous  rocks  in  Tuscany  had  no 
longer  been  denied  by  any  of  the  above-mentioned  authors. 

In  Prof.  Savi's  geological  map  of  tbe  province  of  Pisa  a  further 
advance  was  mad^,  for  the  Caleare  rotto  is  there  coloured  as  forming 
the  upper  part  of  the  "  Infra-Lias.*  In  this  map  the  Triaa  is  sup- 
prCEsed  altogether. 

In  tbe  same  year,  1862,  Capellini  was  able  to  prove  the  presence 
of  indisputable  "  Infra-Lias"  and  Rluetic  beds  helmt  the  Caleare  rotto 
in  the  Gulf  of  Spezio.''  He  therefore  referred  tbe  Ammonite  bed  to 
the  top  of  the  Lower  Lias,  and  placed  the  Baccbaroidal  marbles  of 
Carrara  at  the  base  of  tbe  Verrucano. 

Soon  after,  the  true  order  of  things  was  made  clearer  still  by 
Cocchi,  who  placed  the  statuary  marbles  as  Lower  Carboniferous.* 

1  "  Siggio  comparatiTD  dei  terreni  che  compomono  il  saolo  d'ltilit,"  Ann.  Unii. 
Tow.  Set  Conn.  Pisa.  L  i.  p.  206  (1846). 

'  "  Sui  UD  giaement  de  gTpM  in  promontoire  Argcntaire,"  Bull.  Soc.  Gcol- 
Prence,  2"  >*r.  t.  iii.  p.  302  [1M5-48). 

■  "  Sot  le  calcaire  rouge  »[iuD()iutif%ra  do  I'ltalie,"  Bull,  Soc.  (HoX.  Fivace, 
2"  rfr.  t.  i».  p.  1062  (1846-47). 

'  "  Sulla  cvatituzioDe  gFologio  dei  Monti  Piiam,"  1846. 

*  "  DrscriptiDD  d«a  rochea  i^^  et  iMimeatajia  de  Is  Toscue,"  Boll.  Soc. 
Gcol.  FrBiiee,  2*  Ber.  t.  liii.  p.  226  (1866-1866). 

'  "  Sopra  i  deposit!  di  sal  geioina  e  eulle  Etcqne  salifere  del  Tollerrano,"  Ann. 
Univ.  Tosc.  Sci.  Cosm.  Pisa,  t.  vii.  p.  27  (1862). 

'  "  Studi  etmtigrafici  e  paleontolopci  suU'  lafraliaa  aeUe  montagne  del  Golfo 
deUa  Spezia,"  Hem.  Accad.  Bologna,  t.  i.  p.  247. 
'  "  Sail*  GMlogis  deU'  Itaha  o«iikal«,"  laM. 
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The  diBOOvery  of  foBsils  of  Carboniferous  age  in  connoxion  with 
the  etatiiary  marbles  and  their  associated  beds  has  now  placed  this 
beyond  doubt,  although  some  minor  points  remain  to  he  decided. 

The  following  clasBifioitioQ  of  the  Carboniferous  rocks  of  Cential 
It«ly,  therefore,  may  be  looked  upon  as  the  true  one,  and  in  giving 
it  M.  Coquand  veiy  properly  remarks  that  it  is  simplyan  exposition, 
with  the  added  details  which  time  and  repeated  investigations  have 
brought  together,  of  the  views  which  he  gave  to  the  world  in  1846, 

A.  Permian. — The  whole  of  the  bods  known  aa  Vemieano. 

I.  Coal-meuiiTe  ibile:  Honte  Jino. 
3.  Bbil«  widl  Spiriftr  flatrr :  HobI«  Jano. 

3.  Baediaroid*!  linuatonei;   itobui;  mtrblw;  tnrdigli;  doknnitas ;   dppo- 
Uno  (micaoeou  limettODe) :  Apoan  Alps,  Cimpiglioe,  Qtatako,  Cetona, 
£1Iml 
C.  Silwnan  or  Devonian. — QnartziteB  and  Blates  of  the  Teza  Valley 
(Apnftn  Alps). 

The  foflnls  of  theae  Carboniferons  divisioiu  known  in  this  region 
are  the  foUowing : 

Of  the  Coal-measores : 
K—mpttrit  rottmiU/Blim,  BroDg. :  Jano.    I   P.  cyalAM,  Brong. :  Jano. 
Odonloptrru  SehMlteimi,  Brong. :  do.  F.  BuekUmdi,  Brong. :  do. 

Fteoptirii  arboracaa,  Brong. :  do.  AnmUaria  Imgifaiia,  Brong.  r  do. 

P.  »euta,  Brong. :  do.  I    OgelcipUtit  erbtaUarit,  Brong. :  do. 

Of  the  Carboniferous  Limestone  series  (Statoary  and  Bardigli 
marbles) : 

Lept«na  araefmndi;  d'Oib. :  Jano. 
Spiriftr gtabtr,^^.:  do. 
OyaChoerinMt  quadraofularii,  Uiller :  do. 
ftcKjwa  trrtguiarii,  d'Orb. :  do. 
Atlriea,  ap. :  Camra. 


:  Cajn^Hglia. 
Pkoladomya  regtdaru,  d'Urb. :  Jano. 
PA. piicofa,  d'Orb.:  do. 
Cardinia  littinaria,  de  Eon. ;  do. 
Cariitmorpha  pritlina :  da. 

It  may  be  noted  that  inetead  of  Savi's  supposed  mass  of  metamor- 
pbic  Cretaceous  rocks,  we  have  represented  in  the  region  of  Tuscany 
all  the  geological  stages,  ham  the  Inferior  Oolite  to  crystalliue  scfaists, 
probably  of  pre-Silurian  age,  lying  upon  still  older  granite.  The 
CnUare  rouo,  which  throughout  the  investigation  of  these  rooks  has 
been  of  the  highest  importance,  as  giving  first  a  paheontological 
basis  of  operations,  returas  to  the  place  which  its  fossils  gave  it 
when  first  found  in  1846,  namely,  to  the  Middle  Lias.  The  various 
vicissitudes  which  this  horizon  and  that  of  the  statuary  marbles  have 
suffered  during  the  last  half  century  may  be  summed  up  as  follows : 

The  Calcare  roiso  ammonitifero  has  in  turn  been  referred  to  the 
foUowing  geological  stages : 

1.  Uiddle  Lias.    1H43,  Coquand. 

2.  OolitB  (without  further  apecialiialion).     JB43,  8»ri. 

a.   TirebraluU   diphya  zone   (DipbrBkalk).      1S45  and  1347,  PilU;    1846, 

de  Vecchi. 
4.  Upper  Jurusic.     1846,  Savi. 

6.  Partly  Uppei  Oolite  and  partly  Upper  IJas.     18GI,  Savi  and  Meneghinii 

1886,  Cocchi. 
0.  Top  of  Infra  Lias.     1862,  Savi. 

7.  Top  of  Loner  Vm.     1862,  Capellini ;  1864,  Coccbi. 

B.  Liaa  (without  fnrtber  specialJEation).     IBSo,  Menmhioi. 
9.  Middle  Lisa.     187S,  CoqoBud.    OeneikUj  admitted. 
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The  Statuary  Marblea  have  in  turu  been  referred  to  the — 

1.  EmptiTe  eeries.     1829,  Sftri. 
a.  Cretaveoai.     1833,  Sari. 

3.  OoliK  (witbont  furtiiet  nMraiilixatioD).     1B43,  Savi. 

4.  PoJivDlDic,  pTobibl)'  CarDoniferoua.     181S,  Coqu&ad. 
6.  Juraraic  and  Liasaiu.     184a,  PiUa. 

«.  Infra-Lim  and  Hhrntic.     I84T.  Pilla. 

T.  Lower  Lian.     1851,  Snvi  and  M«ieBbiiii :  1866,  Cacchi :  1B62.  S»Ti. 

B.  Base  of  Vemiwiio  (TrUa  or  Permian).     1863,  CupclUni. 

9.  Lover   Carbociieroiu.     1864,  Cucolu;    1876,   Caqluiid.      QencntllT  tJ- 

Lot  U3  hope  that  these  ill-trealed  beds  have  now  found  &  penuanent 
rest.  Still  it  ib  painful  to  see  how  long  it  has  taken  for  the  truth  tu 
prevail  in  this  oaeo.  Had  not  the  unlooked-for  discover;  of  fossili- 
feroiis  Carboniferoufi  beds  taken  place,  the  very  clear  strati - 
grni)hicBl  evidence  addnced  by  Coquand  in  1845,  etrengtheued  bv 
his  determination  of  Triassic  beds  at  Spezia,  would  have  gone  for 
nought  against  tho  preconceived  tbeorioB  of  high  authority. 

Curiuusly  eiioiigb,  at  about  the  same  time  that  all  doubts  were 
cleared  regarding  the  beds  of  the  Apiijui  Alps,  an  exactly  similw 
proof  positive  was  forthcoming  as  to  the  real  age  of  a  range  of 
saccharoidal  limeBtonee  at  St.  Beat,  in  the  Fyreucefi.  M,  Leyinerie. 
a  groat  authority  on  Pyrenean  geology,  regarded  those  marbles  as 
raetamorphoBBd  Jurassic.  Indeed,  Uiey  have  at  all  times  been  looked 
upon  as  the  Pi-ench  reprcBentntives  of  the  Carrara  marbles,  Now 
that  fossils  of  Carboniferous  age  hare  been  found  in  tbe  seiies,  M. 
Leymerie,  although  forced  to  own  them  PalaeoEoic,  refuses  to  admit 
that  his  adversary,  Dr.  Garrigou,  is  right  in  calling  them  Car- 
boniferous, and  prefers  to  refer  them  vaguely  to  a  pre-Carboniferous 
age  on  the  ground  that  at  St.  Beat  itself,  where  the  rock  is  most 
strongly  metamorphosed,  no  fossils  have  been  found,  although  it 
is  proved  stratlgraphically  to  be  hut  the  continuation  of  a  fossiliferous 
horizon  discovered  by  M.  Coquand  again. 

It  is,  however,  by  this  time  generally  accepted  by  all  conversant 
with  French  geology,  that  the  St.  Beat  marbles  have  now  been 
proved  to  be  equivalent  to  the  statuary  marblea  of  Carrata,  and  to 
be,  like  them,  of  Carboniferous  Limestone  age.' 


II, — Distant  Teansport  or  Volcanic  Dust,' 

By  Prof.  A,  E.  NoEnBNSKioLP, 

Foreign  CorrEBpoodent  of  the  Qeoiogical  Societj,  LondoD. 

(TranaUted  by  Alek.  Leslie,  Esq.,  Aberdeen,) 

JDST  a  year  ago  the  Academy  received  information  that  the  d«v 
before  there  had  fallen  at  Haga  (a  royal  residence  in  the  neigh- 
bourhood of  Stockholm)  rain  mixed  with  snow,  which  brought  down 
with  it  such  a  quantity  of  impurities  that  all  the  windows  of  the 
plant-bouse  and  the  hot-beds  Uiere  were  covered  with  a  fine  grey 
ash-like  dust. 

'  For  Heaan.  GanigoD  and  Lejmerie's  spirited  controTeny ,  tee  Comptta  Rendiu, 
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Some  of  the  dost  was  coUecteti  and  extuinned  under  the  mioro- 
^cope,  and  foand  tt>  consist  for  the  greater  pctrt  of  small,  translucent 
<  ortrausparent),  angular,  nncoloured,  glass-like  particles,  which  formed 
elongated  filaments,  licnt  sabre- fashion,  or  sharp-cornered  flat  bodies, 
partly  plain,  partly  connected  together  in  the  form  of  Y  or  T.  The 
filament*  are  commonly  full  of  cavities,  or  pierced  in  the  direction  of 
their  length  by  hollow  canals,  whereby  they  are  often  light  enough 
to  be  able  to  float  on  water.  On  being  escamined  in  polarised  light, 
most  of  the  grains  of  dust  are  found  to  be  isotropic — that  is,  without 
action  on  the  polarisation  plane  of  the  light  passing  through  them. 
Only  esceptionally  can  there  be  discovered  under  the  microscope 
doubly  refracting  crystalliue  particles,  presumably  of  augite  or 
felspar,  and  n  on -transparent  block  grains  of  magnetic  iron-ore,  that 
may  be  drawn  out  with  the  magnet.  No  traces  of  metallic  particles 
oonld  be  diaoovered  in  the  dnst  by  tritontion  io  an  agate  mortur  and 
washing,  nor  did  ohewioal  reagents  show  the  preaenoe  of  oobalt  or 

It  was  dearly  aBaertaioed  by  tbe  esaminatitm  that  the  Haga  duat 
is  neither  a  oommoa  gravel  or  sand  dust  oorried  by  the  wiad  from 
nei^boniing  traote,  nor  nioh  a  dost  ae  that  whiob,  aooording  to  a 
former  commnnication  made  by  me  at  a  preceding  anniversary,  falls 
down  from  the  upper  regions  of  spaoe  to  the  surface  of  the  earth. 
All  showed,  on  the  contrary,  that  here  we  had  to  deal  with  a  so- 
called  volcanic  ash-rain,  a  very  common  oocorrenoe  in  volcanic 
regions,  but  which  on  this  occasion  was  remarkable  on  aocount  of 
tbe  remoteness  of  our  country  from  volcanos  now  in  action. 

In  order  to  have  an  opportunity  of  studying  more  closely  this 
natural  phenomenon,  a  short  aocount  of  it  was  published  in  the 
newspapers,  with  a  request  that  the  observations  whioh  might 
possibly  have  been  made  in  regard  to  it  in  other  parta  of  the  country 
might  be  sent  to  the  Academy  of  Sciences,  It  now  appeared  that 
the  ash-rain  observed  at  Haga  had  extended  over  a  very  wide  region. 

Thus,  in  Stockholm  two  persons,  who  on  tbe  30th  March  between 
11  A.M.  and  2  p.u.  had  been  out  of  doors  in  the  neighbourhood  of 
Gustaf  Adolf  8  Square,  had  observed  on  their  return  home  that  their 
face  and  clothes  were  covered  with  a  yellowish-grey  dust,  which 
could  not  be  common  dust,  because  the  ground  was  wet  and  dirty, 
and  oocosioQally  a  little  snow  and  rain  fell  from  a  half-clear  sky. 
The  phenomenon  was  so  striking  that  an  account  of  it  was  given  at 
a  newspaper  ofBce,  where,  however,  it  was  not  taken  notice  of,  it 
being  aBsert«d  that  tbe  dual  had  come  from  some  of  tbe  buildings 
under  erection  in  the  neighbouthood.  Another  person  observed, 
when  he  crossed  Ladugardslaud's  Square  the  same  day  at  5  o'clock 
P.M.,  that  a  grey,  ash-like  dust  fell,  though  in  rather  limited  quantity, 
yet  80  that  his  coat  became  grey  from  it ;  a  lady,  who  between  a 
quarter  past  1  and  a  quarter  to  i  walked  between  BegeringHgatan 
and  Appelbergsgatan,  found  on  coming  home  her  dress  covered  with 
an  aah-grey  powder ;  a  gardener  at  Euugsholmen  unexpectedly  found 
tbe  glass  of  his  hot-bed  frames  so  closely  covered  with  a  grey  dust 
that  they  eoaroely  admitted  any  light.     Other  persona  made  tihft 
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same  observation  with  reference  to  the  gas  lamps  at  the  New  Bridge: 
at  a  bathing  eetablishment  in  the  eouUi  part  of  the  city,  where  100 
cubic  iuchee  of  dust  were  reckoned  to  have  fallen  on  a  roof  surface 
of  600  square  feet ;  in  the  region  of  Bergsund,  etc 

Similar  accounU,  often  accompanied  by  samples  of  duat,  soon 
arrived  from  places  situated  at  a  greater  distance  from  Stockholm ; 
from  Charlottendai  in  Briinnkyrka,  Filgehta  near  Tumba,  Siidertelge. 
Orbyhus,  Oregnind,  Margretelund,  Ranas  in  Fastema  parish ;  tnyai 
SvartBJii,  where  the  asb-rain  fell  between  12  o'clock  noon  and  3  p.m.  ; 
fiom  Vanda  and  Vallentnna  parishes  in  Kosbgen,  where  the  dual 
fell  with  a  hard  westerly  or  north-westerly  wind  and  rain  mixed 
with  snow,  which  began  at  11  o'clock  a.m.  ;  from  Soderiiamn,  where, 
according  to  numerous  accounts,  ashes  fell  partly  dry,  partly  accom- 
panied by  sleet,  both  from  8  to  9  o'clock  a.m.  and  at  5  p.u.  ;  from 
Falun,  where  the  osh-ruin  occurred  at  8  o'clock  a.m.,  without  being 
accompanied  by  any  other  rainfall ;  from  the  neighbourhood  of  TenniiN 
Church  village  and  other  places  in  Harjeadalen,  where  the  snow  be- 
came grey  from  a  fall  of  ashes  or  aand,  yet  in  spots  and  very  un- 
equally, 80  that  the  snow  at  certain  places  remained  quite  clean,  while 
at  others  when  melted  it  yielded  np  to  six  cubic  inches  of  ashes  per 
square  fathom ;  from  Lekvattneta  parish  in  Vermland,  whence  a  dis- 
tinct statement  waa  obtained  that  the  fallen  ashes  were  very  un- 
equally distributed,  and  were  collected  like  a  sliadow  on  the  lee-sidti 
of  raised  objects,  whence  ncuuunts  were  also  received  thiit  a,  similar 
ash-rain  had  happened  in  the  same  region  between  the  9th  and  11th 
of  April ;  from  SoUeftea,  where  a  dark  grey  dust  covered  the  snow- 
field  on  the  morning  of  the  31st,  after  an  abundant  rain,  mixed  with 
enow,  had  fallen  the  preceding  night. 

Yet  more  abundant  was  the  ash-rain  in  Korway.  Thus  some  per- 
sons in  Trysaild,  near  the  frontier,  remarked,  when  they  were  out 
between  11  and  12  o'clock  in  the  night  before  the  third  day  of  Easter, 
that  a  dust  fell  which  caused  on  unaccountable  pain  in  the  eyes.  In 
the  darkness  they  at  first  took  it  for  snow,  but  with  light  it  appeared 
to  consist  of  fine  sand.  Higher  up  in  the  fjells,  whose  common  snow 
covering  was  now  in  many  places  concealed  by  a  grey  coating  of 
ashes,  the  sand  waa  often  conglomemted  into  large  grains,  which, 
however,  speedily  fell  asunder  in  water.  Thin  flakes  of  a  grey  or 
black  colour  matted  together,  and  strongly  resembling  the  remains 
of  burnt  paper,  also  occurred.  On  the  ice  of  a  lake  there  even  lay 
in  many  places  heaps  of  dust  weighing  a  sixth  of  a  pound,  but  it  is 
uncertain  whether  these  were  already  collected  in  the  air,  or  if  they 
were  afterwards  swept  together  by  the  wind.  Another  correspon- 
dent remarks  that  the  fall  of  ashes  took  place  over  a  very  extensive 
region,  at  some  places  accompanied  by  snow,  at  others  unmixed, 
between  1  and  4  o'clock  a.m.,  the  temperature  of  the  air  being  12'3  C-. 
and  the  wind  light  and  its  direction  doubtful.  At  Nolden,  near 
Sunderon.  on  the  west  coast  of  Norway,  the  surface  of  the  snow, 
which  the  day  before  was  clean,  waa  seen  on  the  morning  of  the 
30tb  to  be  covered  with  a  brownish-grey  dust,  yet  the  snow-fields  on 
the  higheat  fjell-tops  were  pretty  clean  or  only  covered  with  ashes 
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in  spots;  inttteneigfabouring  Justedalen  a  fiDG  duet,  though  ia  Bmall 
quantity,  bad  falleo  during  a  whole  week,  the  greatest  quautity  od 
the  nigbt  before  the  30th,  and  at  Alesund  17  grammea  of  ashes  had 
been  collected  on  a  aqoaro  metre. 

In  the  neighbourhood  of  Torghatteii,  the  ashes  which  fell  the 
29th  March  and  the  preceding  twenty-four  honrs  would  form  a  bed 
three  lines  thick,  and  here  it  is  even  said  that  the  clouds  of  asbea 
darkened  the  day,  and  made  the  night  unoommonly  dark. 

Similar  accounts  are  given  in  Numednlen  and  Komsdalen,  in 
Trondhjem,  at  Lofoden,  etc.  The  oBh-rain  of  the  29th  and  30th 
March  did  not  extend  to  the  most  northerly  part  of  Norway,  while 
on  the  other  Land  the  snow  and  ice  at  Ramsfjord,  near  Tromso,  was 
found  on  the  14th  March  to  be  strewn  over  with  a  dark  layer  of 
dust.  The  southern  boundary  of  the  territory  of  the  fall  in  question 
is  thought  to  have  lain  north  of  Gothenburg,  where  the  owner  of 
extensive  carefully  kept  greenhoitses  caused  special  inquiries  to  be 
made  whether  anything  unusual  had  been  seen  upon  the  glaaa,  and 
when  he  obtained  a  negative  answer,  further  collected  similar  in- 
formation from  the  surronnding  region  with  the  same  result.  Also 
from  Hosqnama,  near  Jonkoping,  Amot,  Eongsvinger,  and  Abo, 
distinct  atatementa  were  received  that  at  these  places  no  noticeable 
fall  of  ashes  took  place.  It  may  alao  be  stated  with  considerable 
certainty  that  no  fall  of  ashes  happened  in  eastern  Sweden  during 
the  period  from  November,  1871,  to  March,  1876,  because  the  Aaaistant 
in  Meteorology  at  Upaala,  Hildebrandaon,  caused  the  remainder  of 
melted  snow  from  every  more  considerable  snowfall  during  this 
time  at  TJpaala  to  be  preserved ;  and  this  remainder  haa  been  found 
to  contain  common  sand,  remains  of  organic  substances,  iron,  and 
Iracea  of  cobalt,  but  none  of  the  easily  recognizable,  porous,  glass- 
tike  particles  which  distinguish  the  H^a  dust. 

Samples  of  the  fallen  dust  have  been  received  from  most  of  the 
places  mentioned  above,  and  it  haa  shown  itself  under  the  microscope 
to  be  of  quite  the  same  kind  and  the  same  fineness  aa  the  newly 
described  dust  from  Haga,  that  is,  it  consista  of  a  fine  angular  pumice 
duat,  which  is  neither  rounded  off  in  the  smallest  degree  by  being 
rubbed  together  in  water,  nor  consists  of  smooth  round  glassy 
particles  formed  directly  by  the  cooling  of  lava  finely  distributed  in 
the  form  of  drops  or  vapour. 

The  volcanic  aahes  which  have  fallen  in  Scandinavia  possibly 
consist  of  a  pumice  sand,  which  in  the  course  of  time  has  collected 
in  the  crater  opening  or  in  cavities  and  passages  in  the  interior  of 
the  volcanos,  until,  on  the  occasion  of  an  eruption  and  under  the 
action  of  superheated  watery  vapours,  a  violent  cleansing  has  taken 
place,  and  the  dust  which  has  been  collected  during  the  course  of 
many  years  has  been  thrown  high  into  the  air,  to  be  afterwards 
spread  by  the  wind  to  remote  countries. 

But  even  in  this  case  some  rubbing  at  least  onght  to  be  ob- 
servable on  the  projecting  sharp  angles  of  the  grains,  and  some 
chemical  erosion  to  have  taken  place  on  their  smooth  surfaces.  We 
should  besides  have  expected  to  find  among  the  inor^nin  QQTAi\^^Ui^^J& 
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of  the  dust  Bvliceoua  piatos  of  diatoms,  which,  as  Ehrenberg  showsd, 
occur  very  frequently  in  the  sand  thrown  ont  from  Toloanos,  but  an 
completelj  absent  in  the  matter  now  in  question. 

Under  the  microBcope  the  Hiiga  dust  lias  in  inany  respects  a 
strikitig  likeneBB  to  the  finest  dust  from  a  so-called  *'  Bologna  drop  " ' 
that  haa  sprung  asunder,  that  is,  a  drop  of  glass  which  has  been 
ocoled  suddenly,  and  therefore,  front  the  most  inconsiderable  cause, 
for  example,  a  scratch  with  a  61e  on  its  surface,  falls  avunder  to  a  fine 
powder.  Here  we  have  possibly  a  hint  as  to  the  fonnatioa  of  this 
dust.  On  the  outbreak  of  the  volcano,  an  immense  quantity  of 
superheated  steam  and  strongly  oompressed  gases  has  violently 
escaped  out  of  the  crater's  lava-sea,  and  brought  along  with  it  masses 
of  ita  glowing  contents  more  or  less  finely  divided.  Naturally  the 
particles  of  lava,  which  at  first  are  in  a  molten  state,  not  only  solidify 
suddenly,  but  are  also  cooled  to  a  very  low  temperature  in  the  upper 
strata  of  the  atmosphere,  and  thereby  obtain  tbe  property  of  the 
"  Bologna  drop,"  of  springing  asunder,  with  the  least  concussion  or 
shaking,  to  a  fine  dust. 

On  the  30th  March  N.W.  or  W.  winds  prevailed  in  the  regions 
where  the  ashes  fell,  and  it  waa  soon  supposed  that  the  voloanio 
outbreak  which  gave  origin  to  the  ash-rain  took  place  on  the 
volcanic  island  lying  to  tho  westward  in  the  Atlantic—Iceland.  Here 
the  laud  itself  appeared  to  wish  lo  give  a  oontrihution  to  the  cele- 
braiion  of  the  people's  thousand  year  fete  by  means  of  furious 
salvos  from  a  number  of  volcaiios,  pirtly  new,  partly  oM,  for  the 
most  part  situated  in  desert  and  almost  inaccessible  regions  in 
the  interior  of  the  island.  Our  knowledge  of  these  eruptions. 
however,  unfortunately  is  not  as  yet  founded  on  any  scientific 
examination,  and  it  is  perhaps  the  less  necessary  to  repeat  here  the 
intfiiesting  accounts  of  those  grand  phenomena  that  have  appeared 
in  the  newspapers,  as  I  expect  to  have  an  opportunity  another  year 
of  returning  to  the  subject,  since  the  region  will  probably  be  visitetl 
next  summer  by  a  distinguished  geologist,  well  acquainted  with  the 
natural  history  of  Iceland.  I  will  only  mention  that  tbe  eruption 
began  in  tho  month  of  December,  1874,  and  then  continued  with 
shorter  or  longer  intervals  from  numerous  craters  situated  in  the 
interior  of  tbe  country,  partly  on  Dyngjufjall,  partly  in  the  northern 
part  of  Vatnejokul,  or  in  the  region  between  these  enormous  glaciers 
and  the  great  snow-clad  volcano  Hordahreid.  The  most  plentiful 
ash-rain  on  Iceland  itself  took  place  in  consequence  of  an  eruption 
which  began  at  the  place  last  mentioned  on  tbe  29th  March,  and  the 
ashes  which  fell  in  Scandinavia  probably  belong  to  the  same  point 
of  time,  in  which  case  less  than  twenty-four  hours  was  required  for 
carrying  the  ashes  from  Iceland  to  Scandinavia,  that  is,  for  their 
passing  over  a  distance  of  2CX)  Swedish  miles,  or  2000  kilometres. 
Geological  science  has  recorded  many  accounts  of  the  fall  of  volcanic 
ashes,  where  the  ashes  have  been  carried  by  the  wind  to  very 
remote  regions,  among  others  that  ashes  had  already  been  carried  a 
couple  of  centuries  ago  from  Iceland  to  Bergen  on  the  west  coast  of 
'  Known  here  aa  "  Prinw  Enpert'*  Drops." 
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Xorway,  bnt  no  example  of  so  extensive  a  flpreaiiing  of  volcanio 
«shea  with  the  wind,  as  from  Iceland  to  the  east  coast  of  Sweden,  is 
previously  knowo.  Ou  Iceland  the  ashes  fell  in  Bnch  quantity  tiirt 
at  Bome  places  they  oovered  the  ground  to  a  depth  of  six  inches  and 
destroyed  the  pastures.  The  cloud  of  ashes  was  for  several  hours  so 
close  that  the  sunlight  could  not  penetrate  it,  and  lights  re<iuired  to 
bo  kindled  in  the  middle  of  the  day.  The  nahes  must  also  have 
fallen  in  considerable  quantity  io  the  sea  between  Iceland  and 
Norway,  and  on  its  bottom  there  are  doubtless  found  plaoes  where 
the  remains  of  such  falls  collect  during  centuries  without  any  con- 
siderable mixture  of  foreign  matter.  Here  must  bo  formed  thick 
beda  of  volcanic  ashes,  which  in  the  course  of  geological  agea 
gradually  harden  together,  and  ue  metamorphos^  to  rooks  of 
nearly  the  same  oomporilioD,  and  therefore  also  strongly  reeembiing 
tftose  which  in  molt«n  form  burst  fortb  ftom  the  interior  of  the 
eartli,  and  we  have  here  doubtless  the  key  to  the  extension  over 
boundiess  regions  of  the  earth  of  stratified  so-oalled  voloonio  rocks, 
a  dronmatanoe  to  whioh  I  have  already  long  ago  drawn  attention 
witb  reference  to  the  ocomrenoe  of  plutonio  rooks  regularly  stratified 
in  the  polar  regiona. 

ni. — On  thi  Meohanicb  of  Glaoieks. 

B]r  Datid  Burns, 

Of  E.M.  Geolo^cal  Surrey. 

No.   1. 

IT  has  long  appeared  to  me  that  much  remains  to  be  said  on  this 
subject  When  Mr.  CroU's  papers  on  the  Physical  Cause  of  the 
Motion  of  Glaciers  appeared  in  the  Philotophical  Magazine  for 
March,  1869,  and  September,  1870,  I  felt  that,  though  his  theory 
was  certainly  ingenious,  and  his  statement  of  it  clear  and  masterly, 
these  papers  were  far  from  afibrding  a  satisfactory  solution  of  the 
problem  of  which  they  treated.  I  waited,  fully  expecting  that  Mr. 
Croll  wonid  supplement  and  modify  his  theory,  but  he  has  not  done 
so  to  my  knowledge.  Geologists  in  general  seem  to  be  as  satisfied 
with  it  as  he  is  himself,  and  on  all  hands  they  appeal  io  it  as  sup- 
porting them,  whenever  they  treat  of  glacial  phenomena,  even  when, 
if  true,  it  shows  their  theories  to  be  vain.  A  ratbor  oonspicuons 
instance  of  this  occurs  in  the  Gkol.  Mao.  for  October  of  last  year,  in 
an  interesting  paper  by  Mr.  Goodchild  on  Coums.  In  that  paper 
Mr.  Goodchild  commends  "  a  proper  appreciation  of  Mr.  Croll's 
theory" ;  but  I  am  persuaded  that  a  proper  understanding  of  it  would 
have  caused  him  either  to  renounce  that  theory  or  bis  own  on  the 
origin  of  Coums.  I  have  thought  it  time,  therefore,  to  place  on 
these  pages  my  criticisms  and  difficulties  for  the  consideration  of 
geologists,  even  if,  as  is  unfortunately  too  likely,  I  have  little  new 
to  advance. 

Let  ns  now  tarn  to  Mr.  CroU's  first  paper  on  the  Motion  of 
Glaciers.  And  first  let  us  trace  the  molecular  melting,  which  is 
indeed  the  whole  theory.     He  supposes  that  a  moleoale  A  at  the 
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bottom  of  the  gluier  melts  and  moves  a  bit  downwards.  It  then 
freezes,  and  in  doing  eo  gives  out  tlie  heat  which  melted  it.  The 
heat  thna  liberated  now  mells  the  aext  molecule  in  a  line  up  the 
length  of  the  glacier  from  A,  and  this  molecole,  in  the  form  of 
water,  and  denomioated  B.  trickles  down  to  A  and  freezes.  The 
heat  is  again  liberated,  and  again  it  melts  a  molecule  up-hill,  which 
behaves  as  did  the  others  ;  and  so  on  for  any  distauce.  In  this  way 
a  whole  line  of  moleoaleii  move  a  short  distance  down-hill,  and  by  a 
repetitioa  of  each  movements  among  all  its  molecules  does  a  glacier 
make  progren. 

Now  it  seems  strange  that  moleoale  A.  shonld,  on  freezing,  give 
its  heat  to  B,  from  wMch  it  is  some  distanoe  removed,  and  ahoald 
impart  none  to  the  iDoleonle  on  which  it  rests,  or  to  those  on  either 
side.  This  is  difficulty  number  one.  But,  supposing  the  moleoolea 
to  be  perfectly  aooommodating  in  this  respect,  their  downward  pro- 
gress is  only  helped  by  heat  passing  along  the  glacier  from  its  lower 
end  upwards.  Let  na  take  the  molecules  A,  B  and  C  somewhere 
within  or  en  the  surfaoe  of  the  glacier.  Supposing  now  B  is  melted 
by  the  rays  of  the  sun.  When  a  solid,  it  was  in  oontaot  with  both  A 
and  C,  and  therefore  on  melting  it  cannot  move.  Trae,  when 
liquid,  it  is  redaoed  about  one-tenth  in  sise,  and  in  consequence  its 
centre  may  move  a  small  fraction  of  its  diameter  towards  A ;  but  on 
freezing  again  it  must  resume  its  original  position.  A  or  C  now  gets 
the  heat,  melts,  oscillates,  and  freezes  in  its  old  position;  and  so  on. 
From  such  heat  there  is  plainly  no  molecular  displacement. 

If  Mr.  Croll  would  make  his  theory  a  little  more  subtle,  and  re- 
present as  synchronous  the  freezing  of  B  and  the  melting  of  A,  he 
would  get  some  good  of  the  sun's  heat.  For  B,  on  melting,  woulil 
get  as  near  A  as  possible,  and  as  it  swelled  in  freezing,  A  would 
contract  in  melting,  and  hence  B  would  remain  in  its  now  position. 
Thus  viewed,  my  difficulty  number  one  disappears,  for  liquid  B 
would  come  down  with  an  impact  on  A,  and  hence  would  more 
readily  melt  A  than  any  other  molecule.  This  new  reading  of  Mr. 
Croll's  theory  has  occurred  to  me  since  I  Bfarted  to  writ*,  and  has 
disposed  me  much  more  favourably  to  it.  I  can  now  see  how  the 
sun's  heat  may  keep  down  the  glacier  without  getting  iu  at  (he  end 
and  travelling  up  it.  This  was  my  difficulty  number  two.  It  must 
be  borne  in  mind,  however,  that  the  distance  the  molecules  can  move 
at  a  time  in  this  way  is  the  smallest  imaginable. 

When  I  get  to  the  paragraph  on  "  CrevasseB,"  I  meet  with  more 
difficulties.  He  says  :  "  Suppose  a  change  of  iuclinatiou  from,  say, 
i"  to  8°  in  the  bed  of  the  glacier.  The  molecules  on  the  slope  of 
8°  will  descend  more  rapidly  than  those  above  on  the  slope  of  4^. 
A  state  of  tension  will  therefore  be  induced  at  the  point  where  the 
change  of  inclination  occui-s.  The  ice  on  the  slope  of  8°  will  tend 
to  pull  after  it  the  mass  of  the  glacier  moving  more  slowly  on  the 
slope  above.  The  pull  being  continued,  the  glacier  will  snap 
asunder  the  moment  that  the  cohesion  of  the  ice  is  overcome."  To 
me  this  "explanation"  is  not  qnite  "satisfactory."  How  does  Hr. 
Croll  know  that  molecules  will  descend  more  rapidly  on  a  slope  of 
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8°  than  on  one  of  4°  ?  What  proof  is  tbere  that  these  linea  of  mole- 
cular melting  (if  there  be  such  at  all)  are  parallel  to  the  bed  of  tbe 
glaoieE?  And  even  if  they  do  vaiy  to  a  degree  with  the  bed  of 
the  glacier,  it  eeema  to  me  very  oo^ifident  theoriEing  to  oalcnUte 
on  enoh  nioe  action  of  a  weak  force  like  gravity  on  such  a  small 
body  and  throngb  moh  a  minute  distance.  Will  beat  travel  down 
a  slab  of  ioe  at  32°  faster  if  held  at  an  angle  of  8°  tfaan  if  held  at 
one  of  4°?  It  follows  ^from  Mr.  CroU's  reasoning  that  such  is  the 
case,  and  it  may  be  bo,  bnt  he  is  a  bold  man  who  would  assert  it 
withont  experimental  proof.  Bnt  granting  that  the  moleonlea  move 
faster  down  the  8°  slope,  I  still  fail  to  see  that  a  crevasse  wonld  be 
formed.  What  causes  the  pulling  that  produoes  the  tension  1  A  mole- 
cule that  moves  a  little  on  and  beoomes  ioe  again  cannot  pull  more 
than  it  did  before.  Gertaiidy  each  molecnle  on  the  8°  slope  pnlls 
more  than  on  the  4°  s1<^,  bnt  that  has  no  connexion  with  Mr. 
Croll's  theory,  nor  is  it  to  Uuit  he  refers.  It  is  the  faster  motion  of 
the  moleonles  that  somehow  does  the  polling,  but  in  what  way  liea 
beyond  my  oomprehenaion.  To  see  what  vronld  actually  h^pen, 
let  B8  thii^  of  the  glacier  as  oonBtituted  of  molecules  stretching  in 
lines  along  its  length.  Let  db  suppose  that  some  of  these  rows  melt, 
and  some  do  not,  so  that  the  melting  moleoules  move  among  the 
olbers  as  through  tubes.  Suppose  the  end  of  the  glader  to  be  at 
the  foot  of  the  8°  slope,  and  that  the  4°  slope  is  the  next  above. 
Suppose  further  that  a  molecule  on  the  8°  slope  can  melt,  move  and 
freeze  again  in  half  the  time  that  une  can  on  the  4°  slope.  Concen- 
trate attention  now  on  one  of  these  tubes,  and  let  beat  be  applied  to 
the  end  of  the  glacier,  so  that  molecule  A  melts  and  moves  down  a 
little.  B,  G  and  the  whole  row  now  do  likewise,  and  when  a  mole- 
cule an  inch  distant  hom  A  is  melting,  suppose  A  to  melt  again,  and 
to  continue  to  do  so  at  regular  intervals.  This  would  produce  in 
time  a  melting  phase  at  intervals  of  an  inch  all  the  way  up  the  8° 
slope.  When  these  phases  get  on  to  the  4°  slope,  they  will  move  at 
half  the  speed,  and  the  result  will  be  that  they  will  crowd  on  each 
other,  and  follow  at  intervals  of  half  an  inch.  Still  as  many  mole* 
cules  move  on  the  4°  slope  as  on  the  other,  and  throngb  as  great  a 
distance.  From  these  considerations  we  see  that  Mr.  Croll  does 
not  explain  the  origin  of  crevasses,  but  explains  how  a  glacier  can 
move  down  a  low  gradient  as  fast  as  a  high  one,  if  such  be  the  case. 

If  Mr.  Croll,  however,  will  adopt  my  amplification  of  hie  theory, 
he  need  not  despair  of  crevasses  of  a  kind.  Qiven  one  part  of  a 
glacier  exposed  to  the  eun'^  rays  for  a  sufficient  time,  while  a  higher 
part  is  protected  by  snow  or  cloud,  and  you  will  have  a  crevasse 
foimed  between.  The  lower  part  will  fiow  away  while  the  higher 
remains  rig^d  and  motionless.  There  would,  however,  be  no  frac- 
ture, bnt  a  rigid  motionlesB  glacier  above  and  a  continually  de- 
creasing one  below.    Altogether  crevasses  are  difficulty  number  three. 

I  cordially  agree  with  Mr.  Croll  when  he  claims  that  his  theory 
explains  why  glaciers  move  at  a  greater  rate  in  summer  than  in 
winter.  I  only  wish  it  were  as  satisfactory  in  other  respects. 
Though  I  cannot  accept  it  as  an  explanation  of  the  motion  of  glaoiers 
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in  a  geoetal  wtiy,  I  am  not  prepared  to  discard  it  as  haviiig  no  sbore 
in  tbe  greater  progreM  of  glaciers  in  warm  weather. 

When  Mr.  Croll  passes  on  to  speak  of  the  denuding  power  of 
glaciers,  I  am  qnilo  staggered,  and  realize  my  fonrtli  and  greatest 
diffionlty  in  accepting  his  theory.  Ho  aays  :  ■'  As  regards  the  denud- 
ing power  of  glaciers,  I  may  observe  that,  though  a  glacier  descends 
molecule  by  lOQlecule,  it  will  grind  the  rocky  bed  over  which  it 
mooes  as  effectnally  oe  it  would  do  did  it  slide  down  in  a  rigid  mass 
in  tbe  way  generally  supposed ;  far  the  grinding  effect  is  prodnoed 
not  by  the  ice  of  the  glacier,  but  by  the  atones,  sand,  and  other 
materials  forced  along  under  it  Bnt  if  all  the  resistances  opposing 
the  descent  of  a  glacier,  internal  and  estemal,  are  ofercomo  by  the 
mere  weight  of  the  ice  alone,  it  can  be  proved  that  in  the  case  of 
one  descending  with  a  given  velocity  the  amount  of  work  performed 
in  forcing  the  grinding  materials  lying  under  the  ice  forward  must 
be  08  great,  supposing  the  motion  of  the  ice  to  be  molecular,  in  the 
way  1  have  explained,  as  it  wonld  be  aapposing  the  ice  descended 
in  the  manner  generally  supposed." 

It  requires  some  fortitude  to  accui%  Sir.  On>ll  of  writing  Donsense 
on  Buoh  a  sabjeot,  yet,  I  mnst  oonfeea,  I  can  make  nothmg  elsa  of 
the  above.  It  is  a  myateiy  to  me  how  it  ha>  bera  ao  long  anoor- 
rected  by  its  author  or  nnobaUeiiged  by  othera,  as  it  baa,  ao  &f  aa  I 
am  aware.  There  oould  not  be  a  more  poweifnlly  deoading  eogine 
than  a  great  glaoier  barbed  with  stonea  and  piopdled  by  grsvitation 
or  other  force  over  the  ground ;  nor  oonld  there  be  a  weaker  one 
than  a  great  glacier,  which,  as  a  solid  mass,  is  stationary,  bat  on 
whose  interior  and  on  whose  surface  liquid  molecules  are  here  and 
there  moving  through  infinitesimal  distances.  It  sounds  like  a  joke 
to  say  that  "  the  grinding  effect  is  produced  not  by  the  ice  of  the 
glacier,  but  by  the  stones,  sand,  and  other  materials  forced  along 
under  it."  Will  n  stone  that  is  held  in  the  crystalline  grasp  of 
millions  of  tee  molecules  be  forced  along  by  a  few  dozen  water 
molecules  trickling  through  a  fraction  of  their  diameter  along  its 
surface?  A  stone  thus  "forced  along"  may  bo  supposed  to  scoop 
out  valleys  if  the  exigencies  of  geologists  demand  it ;  but  the  foroe 
that  moves  the  stone  would  not  serve  to  tickle  the  sole  of  a  mite.  I 
do  not  see  how  any  geologist  can  accept  this  theory,  and  asoribe  any 
geological  effects  to  glaciers  whatever,  except  the  negative  one  of 
protecting  the  rocks  where  they  prevail  from  atmospheric  inflnences. 
To  my  thinking  it  were  much  more  reasonable  to  ascribe  the 
presence  of  the  Quaker  Stone  in  Darlington  to  the  prevalence  of 
Scotch  mists  out  of  the  north-west,  in  the  days  when  Noah  was 
a  boy,  than  to  suppose  it  was  lifted  over  the  Pennine  Chain  by  a 
glacier  acting  as  described  by  Mr.  Croll. 

That  gentleman's  fallacy  becomes,  if  possible,  still  more  apparent 
in  tbe  concluding  sentence  of  the  paragraph  I  have  quoted.  When 
we  regard  tbe  glacier  as  moving  as  a  solid,  we  get  the  potential 
enei^y  stored  in  the  ice  on  the  mountain  top  used  up  in  doing  work 
in  grinding  and  polishing  the  rock  beneath ;  but  if  we  regard  tbe 
glacier  as  moving  molecule  by  molecule,  this  energy  is  gradually 
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oonTcrted  into  heat  all  the  way  down,  for  each  impact  of  a  molecule 
against  it«  fellow  will  be  productive  of  a  little. 

Let  ns  now  take  up  Mr-  Goodchild's  paper  on  the  Origin  of  Coitmn 
already  referred  to,  and  see  how  far  Mr,  CroU'e  theory  aKsista  Lira. 
Mr.  GoodcIiild'B  theoi7,  briefly  stated,  is  tbia.  When  a  tributary  glacier 
of  coneiilerable  relative  size  joins  the  main  one,  it  tlirusta  the  latter 
against  the  oppoeite  bank,  till  they  together  in  time  wear  out  a 
curvilinear  reoegg  or  Coum.  Mr.  Goodcbild  notices  that  thia  hnppeng 
with  Btreamfi  of  water,  and  he  inaiuts  on  a  perfect  analogy  between 
these  and  glaciers.  To  all  thie  I  would  have  bad  no  objection  had 
he  let  Mr.  Croll's  theory  alone.  It  is  very  true  that  that  theory 
shows  how  a  glacier  behaves  in  some  respects  like  a  river  and  in 
others  like  a  solid  ;  but,  unfortunately  for  Mr.  Goodchild,  Mr.  CroU's 
glacier  is  a  solid  when  it  should  be  a  liquid,  and  is  a  liquid  when  it 
should  bo  a  solid. 

To  tee  this  clurly  let  na  first  grant  that  the  tributary  glacier 
exerts  a  great  la'SBsare  agsinat  its  principal.  The  main  glacier  ia  a 
gt«at  rigid  crystalline  mass,  with  a  mighty  shearing  foroe,  moving 
steadily  on  in  its  mild  molecular  way.  Surely  theae  charmotoristios 
are  not  analogous  to  thou  of  a  river.  The  water  of  a  nver  is  free 
to  move  in  any  direction,  and  no  sooner  is  moving  water  joined  by 
other  moving  water  than  the  two  together  flow  off  in  a  direction 
and  with  a  speed  the  resultant  of  their  former  directions  and  rates. 
The  ice  of  the  glacier  can  only  move  by  being  melted,  or  by  having 
a  pressure  of  70  to  120  lbs.  per  square  inch  of  shearing  section 
exerted  against  it  It  is  evident  that  while  the  tiniest  stream 
will  deflect  somewhat  the  atroncest  river  intc  which  it  can  run,  the 
tributary  glacier  might  as  well  abut  against  a  whin-dyke  as  tbe 
main  glacier;  and  that  in  this  respect  at  least  there  is  no  aaalogy 
between  the  glaciers  and  the  rivers. 

Turning  now  to  a  consideration  of  the  tributary  glacier,  it  will 
be  seen  from  ray  remarks  on  crevasses  that  I  cannot  acoede  that  the 
tributary  glacier  exerts  a  pressure  against  the  other,  nor  can  I  see 
any  analogy  between  the  action  of  tbe  tributary  glacier  and  the 
tributary  river.  The  main  glacier,  as  an  object  to  be  moved,  is 
a  stubborn  solid ;  tbe  tributary  glacier,  as  a  moving  body,  is  slower 
and  more  silent  than  the  slowest  and  most  silent  river.  The  motion 
of  its  molecules  is  that  of  dew,  or  the  damp  in  the  paper-banging  of  a 
field -geologist's  bed-room,  and  not  the  rapid  and  continuous  motion 
of  molecules  of  water  in  a  river.  The  water  of  a  river  has  momen- 
tum, and  hence  its  denuding  power ;  the  ice  and  liquid  molecules  of 
a  glacier  have  no  momentum. 

The  motion  of  the  molecules  within  a  glacier  can  no  more  cause  a 
tbrost  than  tbe  rise  of  the  sap  within  a  tree  in  the  spring  can  pull  it 
up  by  the  roots. 

To  recapitulate  briefly  these  conclusions :  Mr.  Croll's  theory 
makes  Mr.  Goodchild's  larger  glacier  a  rigid  stubborn  thing,  which 
can  only  be  moved  in  a  lateral  direction  by  the  exercise  of  enormous 
force,  while  it  shears  bis  smaller  glacier  of  all  its  strength.  To 
accept  that  theory,  therefore,  and  to  ascribe  the  origin  of  Goanui  to 
the  confluence  of  glaciers  is  to  perpetrate  a  blonder. 
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I  wish  it  to  be  andentood  that  I  have  no  fault  to  find  with  Ur. 
Goodohild's  theory  as  suoh.  I  Ijave  no  doubt  but  that  it  is  the  true 
explanation  of  this  phenomena  in  queeiion.  Indeed,  I  accept  it  as 
Buoh,  and  regard  it  as  a  bentitifot  proof  of  tlw  erroneous  character  of 
Mr.  Croll's  theory.  It  is  cortaiBly  most  creditable  to  Mr.  Good- 
ohild'i  powers  of  obBervation  that  he  should  have  Been  in  the  field 
the  canse  of  these  hollows,  even  when  misled  by  accept«d  theories. 
It  is  not  to  be  wondered  at  tha^t  logic  ahould  have  suffered  a  little  to 
effect  a  oomprotnise. 

The  phyaioal  oaaee  of  the  motion  of  glacoen  is  a  problem  act  im- 
portant and  interesting,  and  is  so  far  from  being  solved,  that  aoy 
snggeetion  or  theoi;  that  pretends,  or  is  likely,  to  help  to  a  solndon, 
should  be  welcomed.  I  have  done  my  best  to  show  what  I  oonaider 
faults  in  Ur.  Croll's  theory.  I  have  done  bo  beoaiue  I  oonsider  it 
has  been  misleading  geologiata  and  lulling  physicists  to  inaotion  by 
the  notion  getting  abroad  that  the  whole  question  was  settled.  If 
Ur.  Groll  had  been  as  diBsatisfied  with  his  theory  as  I  have  been, 
and,  as  I  tmst,  I  have  shown  I  have  had  very  good  reason  for  b^ng, 
I  am  sure  he  would  have  retnmed  to  the  subject  before  this  to  the 
profit  of  Boienoe.  Nor  would  I  have  this  theory  too  readily  dis- 
carded. The  motion  of  glacderB  may  be  a  very  complex  affair,  and 
this  molecular  theory  may  yet  be  useful  to  supplement  other  theories 
so  as  to  enable  them  to  oover  all  the  phenomena  of  glaoiers. 

To  further  the  investigatian  as  for  as  I  can,  I  would  here  nuBe  the 
consideration  of  a  question  I  hinted  at  when  speaking  of  "cre- 
vasses." Though  surface  molecules  melt  most  frequently,  it  is  part 
of  Mr.  Croll's  theory  to  suppose  that  each  and  every  molecule  of  the 
glacier  melts  many  times  over.  Now  suppose  a  molecule  to  melt 
somewhere  in  the  interior  of  the  glacier,  and  suppose  that  under  it 
there  is  just  room  for  it  to  move  in  a  downwanl  direction.  The 
question  I  want  to  put  is,  would  it  move  at  all?  We  are  dealing 
with  very  minute  particles  of  matter,  at  very  close  quarters,  and 
must  be  careful.  What  Bays  the  doctrine  of  Capillary  Attraction  on 
this  point?  As  I  write  among  the  wilds,  and  have  no  books  to 
refer  to,  I  do  not  wish  to  commit  myself  to  any  direct  statement  on 
the  Bubject  at  present ;  but,  after  observing  the  behaviour  of  mole- 
eules  of  water  among  molecules  (or  crysfala  rather)  of  sugar,  it  will 
not  astonish  me,  supposing  Mr.  Croll,  on  returning  to  the  subject, 
makes  the  glaciers  go  up-hill. 

There  ia  another  consideration,  which  I  mention  the  more  cheer- 
fully as  it  helps  the  molecular  theory.  If  Mr.  Croll  returns  to  the 
subject,  and  still  adheres  to  his  theory,  I  am  sure  he  will  adopt  my 
suggestion  to  regard  the  heat  and  molecules  as  moving  in  the  same 
direction.  Indeed,  it  may  have  been  his  intention  to  do  so,  but 
that  he  was  unlucky  in  his  illustration.  Suppose  a  cubical  stone 
somewhere  in  a  glacier,  with  faces  up-hill  and  down-bill.  Further, 
suppose  heat  to  be  travelling  down  the  glacier,  and  let  as  consider 
its  effect  on  rows  of  molecules,  whose  lines  pass  through  the  stone 
normal  to  these  faces.  First,  consider  the  molecules  below  the 
■tons. .  Those  next  the  stone  move  down-hill  a  little,  and  again 
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4  litUe  more,  but  the  molecules  of  the  stone  remsin  stationary.  Tlis 
consequence  is  that  gradually  a  vtiouum  in  formed  against  the  face  of 
the  stone.  Now  let  UB  consider  the  molecules  up-hill  from  the 
stone.  Heat  approaches  the  stone,  and  so  do  molecules.  The 
second  molecule  from  the  stone  melts,  and  comes  down  against  tho 
one  touching  the  stone,  which  in  turn  melts  as  the  other  freezes. 
Now  this  last  molecule  cannot  freeze,  for  no  molecule  of  stone  will 
yield  to  it  as  it  yielded  to  its  fellow,  and  so  it  remains  for  the  time 
being  a  molecule  of  water.  Gradually  a  great  number  of  molecules 
of  water  get  accumulated  against  the  face  of  the  stone.  As  their 
heat  ia  conducted  away  they  will  exert  a  great  force  in  freezing, 
and  this,  assisted  by  the  vacuum  forming  against  the  opposite  face, 
will  force  the  atone  a  little  bit  down-hill. 

Another  yery  plausible  application  of  this  theory  would  be  to 
suppose  that  the  Bun's  heat  in  this  molecular  way  got  down  from 
the  Burface  of  the  glacier  to  its  bottom,  and  there  disengaged  mole- 
cules  of  water,  which  would  feed  the  stream  which  issues  from 
under  the  glacier.  Such  action,  however,  would  tend  to  keep 
boulders  at  tho  bottom  of  glaciers,  whereas  it  is  well  known  that 
somehow  or  other  thsy  gel  to  tho  top. 

IV. — Job  AMD  loE-WoKK  in  NKwrotntoLAHD.' 
Bj  John  Miura,  P.G.8., 
FrofMBor  of  Geolog;  in  the  Imperial  Mining  School  of  Tokei,  Japan. 
"  And  now  there  cwne  both  miat  and  mow. 
And  it  grew  wondrous  cold ; 
And  ice,  nutat  high,  came  Boating  by, 
Ab  green  as  emerald. 
And  throDgh  the  drift  the  anowj  cliffs 
Did  send  a  dismal  sheen  ; 
Not  shape  of  men,  nor  beaata  we  ken— 
The  ice  was  all  between. 
The  ice  was  here,  the  ice  was  there. 
The  ice  was  all  aroond  ; 
It  cracked  and  growled  and  roared  and  bowled, 
Like  Doisea  in  a  Bwaund." — Colbbidgh's  Aneient  Marmer. 

WE  often  see  a  certain  cause  at  work,  and  then  its  effect; — ami 
the  effect  may  be  and  is,  doubtless,  in  many  instances,  peculiar 
to  the  cause.  In  Switzerland  glaciers  are  known  to  have  rounded 
and  converted  into  "hummock "-shaped  forms  the  rocks  over  which 
they  have  passed ;  whilst  the  rocks  which  were  imprisoned  in  the 
ice,  and  used  as  tools  to  scour  the  rocky  bed  over  which  they  moved, 
have  in  their  turn  also  received  a  definite  impression. 

Hummocky  tracts  of  land  like  those  in  Switzerland  are  to  be  seen 
in  Scotland,  Newfoundland,  and  other  countries.     Mounds  of  debris, 

'  The  rough  H8.  of  this  Article  was  placed  in  the  Editor's  hands  by  hia  friend 
Hr.  Hilne  early  in  187fi,  hut,  owing  to  pre-occapation  on  the  part  of  Editor  and 
Author,  was  nerer  put  in  type  until  this  month,  June,  1R7S.  The  author  departed  in 
Angnst  last  for  Japan,  and  baa  therefore  been  prcTectcd  from  again  seeing  orre- 
Tjaing  hia  notes.  The  Editor  truals  that  thla  apology  will  be  accepted  by  the  reader 
■hoold  he  find  that  the  author  has  omitted  to  notice  any  papen  on  ice  as  a  geological 
agent,  which  may  have  been  published  nnce  that  date. — Edit.  Qiol.  Had. 
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fiJled  with  Bcralched  atonea  like  those  produced  by  a  modem  glacier. 
ni'c  to  bo  found  in  mnny  pluccs.  1'hese  and  other  appearances,  whicli 
are  peculiar  to  ice-action,  are  oeoribod  to  it  as  their  origiuatora  ;  for, 
whether  they  be  of  Permian  or  Pleistocene  age.  their  origin  would 
seem  to  be  identical. 

By  studying  the  effects  of  modem  volcanic  outbursts,  simiUr 
paroxysms  oan  be  shown  to  have  occurred  in  bygone  ages, — and 
it  is  only  by  having  a  knowledge  of  the  preaont,  that  any  true 
knowledge  of  tlie  past  can  be  obtained. 

The  action  of  ice  upon  the  surface  of  the  earth  has  been  spoken  of 
in  all  our  Manuals  and  Text-books  of  Geology.  De  la  Beche,  Lydl, 
Bamsay,  Jukes,  Geikio,  and  others,  all  discuss  it  in  ite  various  forms. 

Ilie  fact  that  existing  glaciers  had  once  a  iviJe  extension  was  not 
however  observed  earlier  than  1621,  when  M.  Tenets  advanced  the 
opinion  with  regard  to  those  of  the  Alps.  In  1831!  these  ideas  were 
strengthened  by  the  obsen-ations  of  aL  Charpentier ;  but  it  was  not 
until  the  distinguished  naturalist  Agassiz — fresh  from  the  same 
Alpine  school,  where  so  many  geological  truths  have  been  demou- 
stratpd — visited  Scotland  in  1840,  that  the  curious  rock- markings 
iu  that  ..-..UTirrv  w'jT"  .=ii..r'?vKrii]lv  sliown  tu  be  Identical  with  thoee 
prodiK-..!  l,v  llio  ^l,,d(.i>  of  .Swii/oil.iiL.I. 

Glaciers  have  been  regarded  from  many  points  of  view,  Bnd  have 
been  studied  both  mathematically  and  physically.  Their  effects  have 
been  notied,  and  they  are  now  universally  admitted  to  have  been 
great  tools  in  the  modelling  if  not  in  the  actual  formation  of  the 
surface  configuration  of  the  earth.  They  were  first  suggested  aud 
shown  to  be  a  means  of  solving  the  puzzles  of  drift,  rounded  rocks, 
strange  ecratchings,  and  boulders,  and  ever  since  take  the  precedence 
of  all  other  ice. 

Their  offspring,  the  Icebergs,  have  also  been  studied,  and  their 
work  has  been  duly  chronicled.  The  manner  in  which  they  bear 
rooiH  to  warmer  seas,  and  strew  them  broad -cast  over  the  bed  of  the 
ocean,  and  even  the  way  in  which  they  may  have  aided  in  modelling 
a  rising  area,  has  long  been  dwelt  on;  but,  being  less  important 
tools  in  Nature's  workshop  than  their  parents  the  Glaciers,  de^ 
servedly  without  such  emphasis.  There  is,  however,  another  form  of 
ico,  which,  from  its  unassuming  appearance,  although  touched  on  by  a 
few,  has  anpai'ently  taken  too  low  a  place  in  the  role  of  actors  witli 
which  it  plays.     This  is  the  Coast-ice. 

My  first  sight  of  large  masses  of  floating  ice  was  on  my  arrival  at 
St.  John's,  Newfoundland,  in  the  spring  of  1872.  On  the  morning  of 
tlie  16th  of  May,  we  found  ourseiveH  wrapped  in  a  Tog.  through 
which  a  high  bold  coast  was  dimly  visible.  At  length  it  lifted,  and 
we  saw  oui'Selves  in  a  cliff-bound  bay,  at  the  head  of  which  a  narrow 
entrance  showed  us  a  harbour  filled  with  ice  and  ships.  Near  us 
floated  two  great  icebergs,  whilst  the  sea  around  was  covered  witli 
smaller  lumps  jostling  against  each  other  as  they  rose  and  sank  upon 
the  swell,  lliie  Arctic  scene  is  depicted  as  occurring  at  the  same 
place,  but  on  a  grander  scale,  in  the  frontispiece  of  "  Frost  and 
Fire/'  by  J.  F.  Campbell,  F.G.S. 
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Ttiia  tnasB,  consisting  of  floB-ic«  surrounding  icebergs,  waa  travel- 
ling aouthwards  under  the  influence  of  the  cold  Arctic  current, 
which,  coining  from  the  northern  regions,  after  coasting  along  by 
Labrador,  sweeps  onward  past  Newfoundland,  to  sink  honcatb  the 
warmer  watei-s  of  the  Giilf-stroara  in  more  southern  latitudes. 

On  the  coast  of  Newfoundland  Icebergs  generally  make  their 
appearance  about  the  1st  of  January.  Their  approach  is  heralded 
hy  a  number  of  Binaller  pieces.  When  we  reflect  upon  the  origin  of 
these  bergs,  it  would  appear  that  the  greater  number  of  them  ought 
to  be  disengageil  from  their  parent  masa,  the  glacier,  in  anmmer- 
time.  The  semifluid  mass,  of  which  the  glacier  is  made  up,  creeping 
slowly,  like  a  frozen  river,  down  the  valley  by  the  aid  of  heat, 
g^a^^ty,  etc.,  has  in  euraraer-lime  its  pace  augmented  by  the  incre- 
ment it  receives  at  this  season  of  the  year,'  It  then  pushes  itself 
rapidly  forward  into  the  ocean,  and  there  by  the  buoyancy  of  the 
water  the  projecting  ice-mass  is  dotaclied  and  floated  off.  Wliy,  there- 
fore, is  it  that  the  bergs  are  not  seen  off"  the  Coast  of  Newfoundland 
at  the  close  of  summer,  or  at  the  latest  in  the  "fall"  of  the  year? 
The  answer  to  this  may  be  obtained  fi'oio  the  inference  of  Sir 
Edward  Belcher,  and  other  Arctic  navigjitors,  who  tell  u.s  that  in 
very  high  latitudes  the  ice  appears  to  be  in  motion  much  earlier 
than  it  is  farther  to  the  South.  On  the  20th  of  May  the  western 
side  of  Smith's  Sound  has  been  found  to  he  quite  open  for  navi- 
gators in  a  boat,  whilst  Barrow  Strait  is  not  navigable  till  late 
in  August.  The  consequence  of  this  would  appear  to  be  that 
whatever  ice  may  be  set  free  far  north  early  in  the  year  is  detained 
in  more  southern  latitudes  until  the  fall.  Another  cause  also 
operating  in  keeping  the  ice  off  the  coast  until  the  spring  of  the 
year  may  be  the  wind.  Although  icebergs,  witli  regard  to  their 
motion,  and  the  direction  of  the  wind,  often  present  curious 
anomalies,  yet  this  must  to  a  slight  degree  he  influential  on 
their  wanderings.  In  the  "fall"  of  the  year  the  prevalent  winds 
on  the  North  American  side  of  the  Atlantic  are  generally  speaking 
from  the  west,  which  tend  to  keep  all  bergs  out  at  sea,  and  thus, 
to  observers  on  the  land,  they  would  be  lost  sight  of;  but  in  the 
spring  of  the  year  the  winds  are  more  or  less  northerly,  which 
would  only  aid  the  current  in  bringing  the  ice  along  shore.  The 
most  apparent  suggestion  for  the  detention  of  the  ice  before  reaching 
the  shores  of  Labrador  and  Newfoundland  is  of  course  the  distance 
it  has  to  travel ;  but  considering  the  steady  rate  at  which  this  is 
carried  on  in  the  stream  which  bears  them,  the  effects  of  wind,  and 
the  delay  in  the  breaking  up  of  the  Southern  Arctic  barrier  must 
have  the  precedence. 

TheoTfiieal  eontideraltoni  on  the  Flotation  of  Icebergs. — The  ice- 
bergs I  had  the  opportunity  of  seeing  daily  for  several  weeks  whilst 
in  the  neigfabonrbood    of  St.    John's,  although   irregular  in    their 

■  Sir  Junea  Row,  from  his  obserrationg  in  the  Antarctic  Seaa,  iafera  from  the 
greBter  difierence  between  the  tempenturei  of  the  sea  and  air  ia  winter-time  than  iu 
r,  thd  it  i»  at  the  former  leiMin  of  the  jear  that  the  greater  number  o(  bergs 
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ontlineB,  wore  by  no  meana  of  such  varied  forma  as  many  that  were 
aeea  aftetwarda.  Several  apparently  very  Binall  piecea,  projecting 
perhaps  not  more  than  a  foot  out  of  wator,  when  approached  showed 
themselves  as  considerable  masses,  their  magnitude  being  hidden  by 
their  submergence.  In  the  "offiag"  "islands  of  ice,"  as  the  bergs 
are  here  called,  were  to  be  aeen  moving  aouthwarda,  whilat  in  the 
bay  aeveral  of  them  were  alwnya  to  be  Heen  aground.  These  latter, 
as  they  slowly  rose  and  fell  with  the  ever-varying  swell  caused  by 
the  wind  and  tide,  were  derangiog  and  grinding  away  the  beds  on 
which  they  rested.  The  enormous  power  that  one  of  these  islands 
of  ice  must  possess  to  do  such  work  may  faintly  be  conceived  by 
approaching  one  of  them  in  a  boat,  and  then  considering  that, 
although  there  is  a  mountain  above  wat«r,  there  ie  from  seven 
to  nine  times  its  moss  beneath  the  surface.  The  depth  of  water  in 
which  one  of  these  ponderoua  masses  of  ice  can  ground  may  often 
be  more  limited  than  has  generally  been  expressed.  When  the  beig 
first  leaves  its  parent  the  glacier,  its  sides  may  be  more  or  less 
parallel  to  each  other,  and  we  may  sometimea  get  a  near  approach 
to  a  priamatio  form.  In  this  case  not  only  would  there  be  about 
eight  times  the  bulk  of  ice  beneath  the  water  as  there  is  above,  but 
also  there  will  be  about  eight  times  the  depth,  and  we  might 
conceive,  as  Jukes  and  Geikie  tell  us  in  tbeir  ■'  Geology"  (p.  41f>), 
that  if  the  mass  rifses  "  300  feet  above  the  waves,"  wo  may  imagine 
tliat  it  "has  its  bottom  2.400  feet  below  tliem."  Tn  the  Arctic  and 
Antarotio  regions  we  may  therefore  understand  the  immense  depths 
at  which  an  iceberg  can  ground,  and  there  disturb  the  strata.  As 
bergs  travel  towards  lower  latitudes,  as  towards  Newfoundland, 
what  with  the  beating  of  the  waves  and  the  changing  of  temper- 
ature they  of  necessity  lose  a  great  deal  of  the  regularity  of  character 
they  may  previously  have  possesaed.  Ite  greatest  loaa  appears  to 
be  upon  the  portion  exposed  to  the  atmosphere,  but,  perhaps,  more 
noticeable  "  betwaen  wind  and  waters." 

As  this  waste  goes  on,  the  berg  must  rise,  and  the  ratio  of  the 
height  of  the  exposed  portion  to  the  depth  of  that  which  is  bidden 
grows  greater.  The  result  of  this  ia  that  tho  exposed  portion  be- 
comes leas  and  less  in  diameter  than  that  which  is  protected  beneath 
the  surface  of  the  water,  which  at  last  may  be  looked  upon  as  a  kind 
of  foot  or  pedestaL 

That  bergs,  instead  of  descending  in  parallel  sides  beneath  the 
surface  of  the  water,  rather  extend  outwards  in  the  form  of  a  broad 
base,  depends  on  the  assumption  that  the  disintegration  is  carried  on 
at  a  greater  rate  above  water  than  below. 

Apart  from  these  theoretical  considerations,  it  would  seem  from 
actual  observations,  that  although  icebergs  have  occasionally  been 
seen  in  low  latitudes  to  ground  in  deep  water,  aa  mentioned  by 
De  la  Beche  in  his  "  Geological  0bser^•6r,"  where  one  is  recorded  as 
being  stranded  in  720  feet  of  water  on  the  Banks  of  Newfoundland, 
the  bulk  of  them  is  only  to  be  seen  upon  the  shoals.  In  tact  the 
grounding  of  icebergs  is  used  by  both  the  fishermen  of  Newfotind- 
laaA  and  Labrador  as  a  means  of  finding  out  shallows  which  may  be 
used  as  fishing-grounds. 
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If  a  berg  \&  seea  to  ground  some  diatancs  out  at  eea,  its  bearings 
frcm  the  land  are  at  once  obaerred,  and  it  is  in  tbis  way  that  many 
of  liiG  banks  have  been  disoovered. 

If,  instead  of  taking  sucb  an  extreme  case  as  the  one  to  which  I 
have  been  referring,  where  the  generally  peaked  ft[ipeanince  of  a 
berg,  as  seen  above  water,  might  be  imagined  as  standing  on  a  wide- 
spread flat  base  beneath  the  water,  we  consider  the  portion  of  the 
beTg  lieneath  the  water  as  being  a  general  continuation  of  that  above, 
even  in  this  case  it  will  be  seen  to  be  very  impro!>able  that  the  ice 
extends  to  the  great  depth  which  is  usually  assigned  to  it. 

For  example,  in  the  accompanying  figure  let  A  B  be  the  surface 
of  water  in  which  we  see  a  piece  of  ice  floating  as  indicated  by  the 
black  line,  the  general  direction  of  that  beneath  the  water  corre- 
sponding to  that  which  is  above.  Approximating  to  such  a  figure, 
draw  on  the  "give-and-take"  system  a  many-sided  pyramid,  or  in 
the  limiting  case  a  cone  approximately  equal  in  volume  to  that  of 
the  supposed  berg.  This  is  shown  by  the  dotted  line.  We  have 
given  that  the  position  of  the  cone  beneath  the  surface  of  the  water 
to  that  wliich  is  exposed  are  to  each  other  in  the  ratio  of  8  to  1. 
Therefore  the  voiume  of  the  whole  cone,  whidi  we  will  call  V,  is  to 
that  which  is  exposed,  which  we  will  call  v,  as  9  is  to  1,  i.e.  T      9 


Bnt  also,  as  similar  solids  are  to  each  other 
of  their  corresponding  dimensions, 

y  _  9  _  (h  -H  H)' 


where  \  equals  the  height  of  the  small  cone 

H  equals  the  depth  of  ice  below  the  surface, 

■whence        ft+H  =  V^  9  =  201 


>f  ioe  above  water,  and 


which  is  equivalent  to  saying  that  in  a  floating  cone  of  ioe  the  depth 
below  the  surface  of  the  water  is  but  very  little  gr  ater  than  that 

which  is  exposed  above.    If  the  ratio  of  —  had  been  equal  to  -.tlifiia 

H  would  eqtml  h,  or  the  depth  below  equal  that  which  ts  tai^Ki  abomft. 
That  the  oone  would  lead  to  float  with  the  ftpex.  w^wwciftTaflftet  \iiaa. 
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downwnrdB,  may  be  inferred  from  tlie  fact  that  this  latter  positiou, 
where  the  base  would  be  upwards,  wi>iild  raise  the  wjiitre  of  gravity 
nearer  to  the  surface  of  the  water,  and  thua  bring  about  a  condition 
of  equilibrium  not  so  stable  as  if  the  apeK  bad  been  upwards. 

These  oousideratioBB,  it  must  be  borue  in  mind,  are  purely  theo- 
retical, and  are  only  used  as  a  meana  of  giving  a  clearer  idea  of  some 
•  of  the  conditions  under  wliich  ice  may  be  found  floating,  and  espeoi- 
olly  suob  ice  as  has  sufiei'ed  disintegration  in  its  waiideringe. 

(To  ie  CBHtiiiited  in  our  neit  Nvtnbcr.) 

V. — On    Scottish    Monogbaptids. 

By  Cuis.  LirwoKTH,  F.G,8. 

(PLATES  IK.  4KD  S.) 

§  T. — Introiiuction. 

1  SncceMion  of  SVnrian  Boeks  in  the  South  of  Sfotfani.— The 
oldest  foseiliferous  atrata  yet  deti?cted  in  the  Silurian  district  of  th>^ 
South  of  Scotland  are  the  dark  Graptolitio  slialea  forming  tho 
well-known  Moffat  Series.  The  total  thickness  of  tbte  group  is 
under  GOO  feet,  but  it  is  nevertheless  capable  of  separation  into 
three  very  distinct  pal (eonto logical  divisions,  each  charooteriKed  by  n 
large  proportion  of  peculiar  foEsils.  The  first  of  these  divisions  ts 
of  LlandeUo  age,  the  second  represents  a  portion  of  the  Bala  forma- 
tion of  North  Wales,  and  the  third,  or  Birkhill  division,  appertains. 
at  least  in  part,  to  the  epoch  of  the  Lower  Llandovery. 

But  the  formation  of  the  highest  importance  geographically  is  a 
group  of  comparatively  unfossiliferoua  shales  and  greywockes  of 
enoruious  thickness ;  which— reposing  on  the  highest  division  of  the 
Mofiat  Series  in  some  localities,  and  on  the  middle  division  in  otjicrs 
— stretches  in  an  almost  unbroken  sheet  from  St.  Abb's  Head  to  the 
Mult  of  Galloway,  and  occupies  at  least  nine-tenths  of  the  whole 
Silurian  area.  Ite  rocks  are  thrown  into  innumerable  folds  and  con- 
tortions, and  the  inferior  strata  are  exposed  only  in  long  narrow  bands 
in  the  lines  of  the  deeper  anticHnals.  This  great  group  appertains 
wholly  to  the  Middle  Silurian  epocli.  To  its  lower  division  belong 
the  Girvan  rocks  and  the  so-called  Gala  Group  of  the  eastern  anil 
central  districts.  Its  highest  beds  are  the  Hawick  Rocks,  formerly 
believed  to  be  the  most  ancient  strata  in  the  South  of  Scotland. 

To  the  south  of  the  Ilawick  Eocks,  and  reposing  conformahlv 
upon  them,  lie  the  more  fossiliferous  Balmae  or  Biccarton  beds, 
which  are  of  Wenlouk  age,  and  floor  a  long  and  narrow  strip  of 
country  stretching  from  Kirkcudbright  to  the  central  portions  of 
the  Cheviots.  Strata  of  Ludlow  age  occur  only  in  the  northern 
areas,  where  they  emerge  from  below  the  Upper  Falteozoic  rocks  of 
Lesmahagow  and  the  Pentland  Hills. 

U.  IJtBlribution  of  Bhabdophora  in  these  depotift. — Graptolltes  are 
met  with  upon  several  horizons  in  this  succession.  They  are 
especially  numerous  in  the  Moffat  Series,  in  all  the  divisions  of 
which  they  occur  in  countless  multitudes.  In  the  Gala  and  Girvan 
beds  they  are  found  hut  sparingly,  and  in  a  few  thin  carbonaceous 
handB  only.  The  Hawick  rocks,  though  frequently  swarming  with 
the  enigmAtioai  I^otovirgviaria — ^\\k.Q  X^qu  «^^«lftn.ti  in  Wales  and 
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Tbnringi* — have  not  as  yet  afforded  Gnptolitoe.  They  ooonr, 
however,  in  abaudanoe  m  the  BUDoeediug  Biooarton  beds,  and  a  few 
have  alao  been  obtained  &om  the  more  recent  deporits  of  the 
Pentland  Hilla. 

3.  Vertieal  Bange  of  Ji«  Monograptida. — In  the  preaent  memoir  I 
8hall  treat  of  the  epeoiee  of  £ki:Adop}u>ra  already  collected  from 
these  Scottish  rocks,  which  belong  to  the  family  of  the  Mono- 
graptida. Several  of  these  have  been  fignred  and  described  by  oar 
BritielL  palieontologists, — IKToy,  Harkneee,  Salter,  Carni  there, 
Nicholson  and  Hopkioson.  It  is  only  lately,  however,  that  the 
vertical  range  of  many  has  been  definitely  ascertained.  Others 
again  hare  been  erroueoasly  identified,  some  imperfectly  figured  or 
described,  while  several  new  species  await  notice,  and  the  whole 
anbjeot  stands  in  need  of  a  thorongh  revision. 

The  Graptolites  inolnded  in  Uie  fomily  of  the  Monograptida 
— which  embraces  the  three  genera  Battritet,  Barr.,  Monograpltu, 
Geinitz,  and  Cyriograptua,  Carmthera — are  confined  ezclusively  to 
the  Middle  and  Upper  Silurian  rocks.  Not  a  single  example  hss 
hitherto  been  detected  in  strata  inferior  in  geologic  position  to  the 
Bala  Limestone  of  North  Wales.  Several  forms  from  more  ancient 
deposits  have  indeed  been  classed  by  paleontologists  under  Oraploli- 
iktu  {Monograptas),  but  there  now  appears  to  be  sufficient  evidence 
to  prove  that  they  were  all  in  reality  merely  disjoined  fragments  of 
compound  Graploloidta.  The  British  and  Continental  strata,  long 
known  as  afibrding  in  great  abundance  species  truly  belonging  to 
the  family,  were  formerly  assigned  to  Uie  epoch  of  the  Lower 
Silurian  on  ineufEcient  evidence,  and  are  now  known  to  appertain 
either  to  the  Llandovery  or  to  the  true  Upper  Silurian. 

The  range  of  the  genus  Monograplut  is  included  between  the 
horizons  of  the  Bala  and  Aymestry  Limestones.  Gt/rtograplua  has 
nearly  the  same  vertical  distribution.  The  genus  Saafrile$  seems  to 
be  strictly  confined  to  the  Llandovery,  and  is  wanting  even  in  the 
highest  and  lowest  beds  of  that  formation. 

4.  IHitribution  of  the  Monograptidce  in  Seotland.^lTi  Scotland  the 
Monograptida  make  their  first  appearance  in  the  Birkhill  Shales 
(Upper  Moffat).  In  the  underlying  deposits  of  the  Middle  and 
Lower  Hoffat  beds  they  are  wholly  wanting.  Striking  evidence  of 
this  restriction  is  afibrded  by  the  circumstance  that  in  the  numerous 
anticlines  in  the  districts  of  the  Lammermuirs,  Moorfoots,  Leadhills, 
etc.,  where  the  Birkhill  Shales  are  absent,  not  a  single  Monograptid 
lias  yet  been  detected  in  the  highly  fossiliferous  Moffat  Series ;  while 
in  the  Ettrick,  Moffat,  Dumfries,  and  South  Wig  ton  districts,  where 
the  Birkhill  beds  are  present  in  force,  they  swarm  innumerably. 
These  Birkhill  Shales  not  only  exhibit  the  advent  of  the  family, 
hat  also  afford  tolerably  conclusive  evidence  of  its  specific 
culmination, — the  overlying  groups  showing  a  great  falling 
eff  both  in  species  and  individuals.  The  very  numerous  forms 
afforded  by  these  Birkhill  Shales  allow  us  to  parallel  the  sub-forma- 
tion exactly  with  similar  deposits  in  the  North  of  England,  Ireland, 
Thnringia,  Bohemia  and  Scandinavia.  JUono^rapd'doB  ocicm  B>\.«n,W^ 
in  ma(£  less  abundance^  in  the  carbonaceous  b«^  i(i\ui&  neex  'Con 
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baso  of  tbe  overlying  Gala  Group,  and  in  tlio  equivalent  etmla  of  the 
neighbourhood  of  Girvan.  In  tie  later  Hawick  beds  none  have 
been  del«cted ;  but  they  again  occur  in  great  numbors,  but  in  Teiy 
indiffereul  preservation,  in  the  Kicoarton  beds,  and  a  few  exaroplea 
bavs  been  procured  from  the  Wenlock  strata  of  the  Pentland  Hilb. 

Theae  Soottish  speoios,  with  but  few  exceptions,  are  found  in 
equivalent  strata  in  other  districts.  Many,  however,  are  as  yet 
confined  to  the  Silurian  deposits  of  the  British  Isles. 

5.  Synonymy. — The  speoJea  here  olasBed  in  the  genera  RattriUi 
and  Moaograplut,  together  with  several  other  genera,  were  placed 
originally  in  the  genus  QraptoUlkuv  of  Linneens — a  title  snbseqnently 
modified  by  Beck  and  Murchison  into  Graptoliles.  The  Snt 
improvement  in  claasificatiou  waa  made  by  Professor  M'Coy,  who 
separated  the  diprionidian  forms  under  the  title  Diplograpii* 
(afterwards  altered  to  Siplograpeus),  Unaware  of  M'Coy's  i>ro- 
cedure,  M.  Barrnnile  eliminnlod  from  Graptoh'lhm  the  two  genera 
Jieliotilen  and  J!titlriteg,  and  divided  the   remaining  fonns   inlo  two 


subgenera — Monmrion  and  Dipriim.  Itsoognizing  the  validity  of 
M'Coy'B  genua  jpiplograptut,  and  following  out  hia  prindple  of 
nomenclatnre,  Proteasor  QeinitE  next  proposed  the,  title  of  Mono- 
graptut  for  the  forms  included  by  Barrande  under  Mimoprion  and 
Satlrite» — uniting  theae  groupa  on  the  ground  of  tl^ir  being 
connected  by  an  intermediate  speoiea. 

Uerr  Bichter  is  almost  the  only  observer  who  haa  strictly  followed 
Geinitz,  British  palFeontologists  recognize  the  genus  Sastriie*,  and 
class  the  forma  which  Barrande  grouped  in  his  subgenus  Monoprim 
under  the  old  generic  title  of  GraploUthtu. 

There  are  several  strong  objections  to  the  employment  of  the 
primitive  title  in  this  restricted  sense.  In  the  first  place,  it  is  more 
than  doubtful  if  either  of  the  species  described  by  Linnssns  as 
Graplolithui  belonged  to  this  group.  Again,  the  title  has  been 
employed  in  turn  for  almost  all  the  genera  of  the  Bhabdophora ; — 
froni  C/imacograptug,  to  which  it  has  been  asserted  it  was  applied  by 
its  founder, — to  the  comparatively  recently  discovered  family  of  the 
IHchograptidcB,  to  the  highly  compound  forms  of  which  it  is 
applied  by  Professor  Hall.  At  the  same  time  it  is  in  daily  use  as  n 
general  title  for  all  unplaced  Oraptolithina — an  application  of  the 
term  so  simple  and  convenient  that  no  field  geologist  would  consent 
to  relinquish  it.  It  is  consequently  impossible  to  avoid  ambiguity 
unless  we  employ  a  different  title  for  the  group  in  question. 

There  are  two  candidates  for  the  post — Jfonopriott  of  Barrande 
and  Monograptiu  of  Geinitz. 

The  genus  Graplolithiu  as  described  by  Barrande  did  not  includi! 
any  branching  forms,  and  consequently  his  subgenus  Monoprion  em- 
braces exactly  the  same  species  classed  by  Carriithers  or  Nicholson 
in  the  curtailed  genus  OraptoHlhut.  In  strict  justice,  Barrande's 
term  should  be  allowed  to  stand.  It  has,  however,  been  subsequently 
modified  to  designate  a  complete  division  of  the  GraploUthitut,^  and 
has  apparently  been  relinquished  by  its  founder  himself.' 

).  6,  p«^  8. 
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The  title  Mono/jTitptas,  on  the  other  hand,  was  proposed  for  a 
group  of  Bpeoies  which  are  regarded  by  British  palteontologiata  as 
belonging  to  two  distinct  genera ;  and  if  it  is  to  be  employed  at  nil 
by  them,  it  must  be  in  the  restricted  sense  in  which  they  presently 
employ  Graptolithas.  The  title  is,  however,  far  more  definite  than 
ifmoprion,  and  is.  at  tho  same  time,  in  perfect  harmony  with  the 
principle  of  nomenclature  in  the  GraptolUei  in  general. 

Guided  by  these  arguments,  and  by  the  further  consideration  that 
we  gain  in  this  way  a  very  convenient  and  unmistakable  title  for 
one  of  the  most  important  families  of  the  Graplohidea,  the  title 
Monogrnpltis  is  employed  by  Mr.  Hoplcinson  and  myself  in  the  sense 
huro  advocated, 

6.  Ckaraeleriglitt. — The  family  of  the  Mvnogrnplida,  as  originally 
foonded  by  myself,'  included  all  those  forms  of  uniserial  Rhahdo- 
phora  at  that  time  recognized,  in  which  tho  jxilypary  was  unilateral. 
The  eiibsecjuent  discovery  of  the  unilateral  and  uniserial  genus 
Azygogrnptin,'  Nich.  and  Lopw.,  which  cauuot  be  placed  here,  but 
must  be  arranged  with  Qxnograplus,  Hall,  and  its  allies  among  the 
Leplograptid:e  (^Nejiiagraptidceoi  Tiop^insoa),  nece8sHs.te8  a  fresh 
diagDu-^is  of  the  family.  In  all  the  known  monoprionidian  Jibabdo- 
phora.  with  the  esception  of  the  Monograplidte,  the  distal  portion  of 
the  attnohfd  siciila  is  isolitted.  Here,  on  the  contrary,  it  lies  back 
upon,  and  is  aEBxed  to,  the  dorsal  margin  of  the  proximal  end  of  the 
polypary.  The  members  of  the  family  of  the  Monograptida  as 
thus  restricted  may  therefore  be  now  defined  as — 

Unilateral  Oraptoloidea,  in  which  the  ticula  is  throym  back 
upon,  and  united  to,  the  dortal  margin  of  the  proximal 
extremity  of  a  simple  or  compound  monoprionidian  polypary. 

7.  Development. — The  sicula  of  the  Mbnograpiida  has  been  already 
figured  by  Herr  Richter' under  the  title  of  the  "foot."  In  the 
great  majority  of  the  species  of  the  family  in  which  its  presence 
has  been  recognized,  it  is  of  very  diminutive  size,  rarely  exceeding 
one-twentieth  of  an  inch  in  length.  In  some  forms,  however,  as  in 
Monograpltu  gregaritu,  Lapw.,  Plate  X.  Fig.  12c.,  its  length  exceeds 
one-fonrth  of  an  inch,  and  the  development  of  the  polypary  can  be 
easily  followed  st£p  by  step.  In  this  family  the  sicula  is  identical 
in  form  with  that  in  the  bilateral  Oraptoloidea,  which  has  been 
already  described.*  The  polypary  originates  from  a  point  near  the 
broad  end  of  the  sicula ;  but,  instead  of  proceeding  freely  outwards 
as  in  the  bilateral  forms,  it  grows  backwards  along  the  distal 
portion  of  the  sicula  itself,  to  which  it  adheres  by  its  dorsal  surface, 
and  passing  beyond  it,  is  continued  onwards  in  the  same  general 
direction. 

As  in  other  families  of  the  Graptolotdea  there  occur,  now  and 
again,  remarkable  monstrosities,  caused  by  a  departure  from  the 
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normal  metlioil  of  developinent.  Variation3  of  thU  nature  are  met 
with  in  the  species  Monograplus  lobiferiis,  M'Coy,  etc  In  tliese 
abnormal  eiatnpleB,  which  occur  in  abundance  in  some  localities,  the 
sieuta  at  the  eaine  time  that  it  throws  off  the  single  polypiferous  stcia 
in  the  usual  manner,  behaves  also  as  if  it  were  itself  the  primordial 
liydrothecR  of  a  second  stem,  which  grows  outwards  in  the  opposite 
direction  to  the  normal  one,  and  frequently  rivals  it  in  all  its 
characters  and  proportions.  In  this  way  the  polypary  becomes 
actually  bilateral.  It  is  probable  that  all  the  Graploloidta  ou^bt  to 
be  regarded  as  colonies  of  sioulra  held  together  by  a  common  body, 
and  on  this  view  the  oocaaioual  presence  of  this  peculiarity  can 
hardly  excilo  astonishment.  We  meet  indeed  with  a  parallel  case  in 
Didi/mograptui,  where  the  sicula  ^ems  to  be  the  primordial  and 
common  theca  of  two  distinot  monoprionidjan  uries. 

§  II. — Genus  Bastrites,  Barrande. 

The  genus  Ragtritet,  founded  by  Barrande  in  his  classical  work 
on  the  Qraptolites  of  Bohemia,  is  most  inlinialely  alliod  to 
MoHograptui  (Oraptolilhut)  ;  differing  from  it  chiefly  in  the  fact 
that  the  hydrolhecffi,  instead  of  being  in  contact  or  overlapping,  fts  in 
that  genus,  are  invariably  isolated.  Its  nearest  allies  are  tbe  forms 
of  the  type  of  MonograptnB  Sedgaiekii,  Portl.  sp.,  in  which  the 
hydrotliet«  just  touch  each  other  at  their  bases.  In  some  examples 
of  that  group,  also,  while  the  thccie  of  the  distal  portion  of  the 
polypiiry  are  truly  in  contact,  those  near  its  proximal  end  are 
isolated.  This  is  notably  the  case  in  the  form  Monograptua  iriangn- 
lalut,  Harkn.  sp.,  in  which  it  often  happens  that  none  of  tbe 
hydrothecffl  are  actually  in  contact ;  and  thus,  broadly  speaking,  it 
sometimes  becomes  a  veritable  Raetrileg.  The  importance  of  this 
fact  was  overestimated  by  Professor  Geinitz,  who  concluded  that  it 
was  fatal  to  Barrande's  view  of  the  generic  distinctness  of  Battritfs 
and  Monoprion ;  and  accordingly  united  them  in  his  own  new  genus 
ifonograpsttl.' 

Rictiter  is  perhaps  tbe  only  palreontologist  who  distinctly  coiucides 
with  Geinitz  in  this  opinion ;  but  some  of  our  British  observers 
have  shown  indications  of  a  tendency  to  follow  in  the  same  direction. 

It  may  at  once  be  conceded  that  Monograptaa  iriangulalua  is  the 
connecting  link  between  the  two  groups ;  and  we  may  even  go 
farther  and  admit  that  there  is  much  to  be  said  in  favour  of  the 
theory  that  it  was  the  direct  ancestor  of  Raitriles  peregrinng  and  its 
allies.  But  if  the  genus  Bastrite*  is  to  be  suppressed  because  of  the 
existence  of  this  dubiously  transitional  species,  the  great  majority  of 
the  admitted  genera  must  also  be  abolished  on  similar  grounds.  In 
seeking  generic  characters  among  fossils  like  the  GraploliUi,  we  are 
perforce  restricted  to  those  afforded  by  the  hard  parts  of  tlieir 
external  skeleton.  No  genus  is  more  strongly  individualized  in  this 
respect  than  BaBtriles.  It  is  impossible  to  overlook  the  fact  that  all 
its  species  are  far  more  intimately  allied  inter  se  than  they  are  to 
any  species  of  Monograplut  whatsoever.  Thus,  for  the  purposes  of 
<  Die  Graptolithen,  b.  18. 
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HciencG,  tbese  forma  must  be  united  under  Bome  distinctive  title. 
Wliether  the  group  thus  constituted  bas  a  generic  or  subgenerio 
value  must  be  left  for  future  determination.  In  tbe  actual  state  of 
our  kaowledge  it  may  most  conveniently  be  retained  as  tbe  genue 
Rattrilet. 

M.  Barrande  never  appears  to  haTo  seen  the  oirgula  (solid 
axis)  in  t.bis  genus,  but  to  have  infen'ed  its  existence  from  analogy 
alone.  Nor  has  it  been  mentioned  as  visibla  by  any  subsequent 
observer.  On  the  other  hund,  its  apparent  absence  has  been 
remarked.  In  Plate  X.  Fig.  1,  is'iigTired  an  example  of  Bailrilea 
peregrvaus,  Barr.,  in  wbicb  the  virgula  is  prolonged  as  a  naked 
fjtament  beyond  the  distal  extremity  of  the  polypary.  Its  preaenoe 
in  the  genus  is  thus  placed  beyond  dispute. 

1.  Rastbites  FGBICORIHU3,  BarTaudc.     Plate  X.  Figs.  1  and  5. 
Srw/n'(es  peregrinas,  Barninde;    Gropt.  do  Boh^me,   plate  iv. 

figs.  3  and  6.      Harkness,  Quart.  Jotim.  Geol.  Soc.  vol.  vii. 
plate  i.  fig.  1.     Nicholson,  Quart.  Jonrn.  Geol.  Soc.  vol.  xxiv. 
plate  xix.  figs.  2^  and  24. 
Monograpsua  pcregrinus,  Geinitz  ;  Die  Graptolithen,  Taf.  v.  figs, 
11  and  12.      Richfer,    Zeitachrift  d.  Deutschen    Gosollsch. 
1853,  Taf.  xii.  figs.  29,  30,  31. 
Sailrites  IdnniBi,  l^rrande ;  Grapt.  de  Boh^me,  plate  iv.  tg.  3. 
The  foregoing  list  embraces  references  to  all  the  more  important 
figures  of  this  very  well-knonn  species,  in  what  may  be  regarded 
aa  its  typical  aspect.      In  addition  to  the  type  form,  the  Scottish 
rocks  also  aSbrd  the  following  weli-markod  variety. 
Var.  BTBRtDOB.     Plate  X.  Fig.  5. 

Monograptiu  Ltnnai,  Geinitz ;  Die  Graptolithen,  TaT.  v.  fig.  10 

Polypary  about  one  inch  in  length,  arcuate,  incurved.  Hydrotheca 
16  to  20  to  the  inch,  and  about  twice  as  long  as  the  interspaces.  In 
this  variety  the  interspaces  are  larger  than  in  the  typical  form  ;  the 
hydrothecie  are  shorter,  slightly  inclined,  and  frequently  have  their 
apices  reflexed. 

Loealilg. — Typical  form,  found  everywhere  in  the  upper  zones 
of  the  Birkhill  Shales  at  Dobbs  Linn,  Graigmichan,  Dumbreddan, 
etc.  Var.  ht/bridus  is  confined  to  the  highest  zones  of  the  same 
formation. 

2.  Rastritks  HAXIMD8,  Carr. 

Baatrites  maximus,  Carruthers ;  Geoi.  Mao.  1868,  Vol.  V.  Plate  V. 
Fig.  14. 
Loeaiity. — Common  in  the  highest  beds  of  the  Birkhill  Shales  at 
Mountbenger  Bum,  Dobbs  Linn,  Oarple,  Frenchland,  etc. 

3.  Rastbites  distanh,  sp.  nov.     Plate  X.  Figs.  2  a,  h. 
Baitriles  Limuei,  Nicholson ;  Quart  Jonrn.  Geol.  Soc.  vol.  xxiv. 

plate  xix.  figs.  25  and  26. 
Polypary  filiform,  one  to  two  inches  in  length,  straight  or  but 
slightly  curved.    Hydrothecse  isolated,  perpendicular  to  the  general 
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polypary ;  and  (2)  the  shape  of  the  oompTessed  hydrothece,  whidi 
are  triangular  in  form,  with  the  apertoral  margin  precisely  normal  to 
the  general  line  of  the  yirgala.  The  polypary  has  oonseqoently  a 
remarkably  neat  and  oompact  appearanoe,  leading  to  its  immediate 
identification. 

It  somewhat  resembles  Monogr,  ifUermedius,  Cair.;  but  in  that 
species  the  hydrothecaa  are  arranged  on  the  convex  margin  of  the 
polypary ;  they  are  different  also  in  their  general  form.  Perhaps  its 
most  intimate  ally  is  Monograptus  condnnus,  Lapw.,  from  which  it 
differs  mainly  in  the  size  of  the  adult  polypary,  and  in  the  details  of 
the  hydrothecsB. 

M.  Barrande  figures  fragments  of  at  least  two  distinct  species 
under  this  title  (Grapt  deBoh^me,  plate  2,  figs.  16-18).  His  largest 
figure  (fig.  16)  is  the  only  one  to  which  his  very  full  diagnosis  can 
be  applied,  and  it  holds  good  for  the  form  here  described.  Fig.  17 
of  his  plate  is  Monograptus  gregarius,  Lapw.,  and  fig.  18  has 
probably  been  taken  from  a  young  example  of  some  species  of  the 
Sedgwichii  type.  All  palieontologists  who  have  subsequently  referred 
to  the  species  have  Tery  naturally  fallen  into  similar  errors. 
Several  distinct  species  of  the  NtUsoni  group  have  been  identified 
with  this  typical  form,  which  has  itself  never  been  refigured. 

The  foregoing  description  has  been  drawn  up  from  specimens  in 
the  Cabinet  of  Professor  H.  A.  Nicholson,  collected  by  him  in  the 
Lower  Ludlow  rocks  of  Leintwardine. 

Locality. — A  few  very  doubtful  fragments  only  have  been  procured 
from  the  Birkhill  Shales  of  Mountbenger ;  and  from  the  Gala  beds  of 
Darnick,  near  Melrose. 

G.  Monograptus  interjiedius,  Carr.     Plate  X.  Figs.  10  a — e, 

Grapioliihus  intermediuSf  Carruthers ;  Geol.  Mag.  1868,  Vol.  V- 

PI.  V.  Fig.  18. 
Graptolites  Nilsaani,  Baily ;  Characteristic  Brit  Foss.  plate  ix. 
figs.  2a,  h. 

Polypary  from  three  to  four  inches  in  length,  and  with  a  maximum 
diameter  of  one-twentieth  of  an  inch ;  distal  portion  broadly  arcuate, 
proximal  portion  normally  strongly  recurved.  Hydrothecae,  acut- 
angular,  20  to  25  to  the  inch,  adpressed  to  the  periderm,  in  contact 
only  ;  outer  margin  straight,  apertural  margin  inclined. 

As  a  rule  the  proximal  portion  of  the  polypary  in  this  species  is 
sharply  recurved,  and  under  this  aspect  it  was  originally  figured  and 
described  by  Mr.  Carruthers.  It  sometimes  happens,  however,  that 
this  curvature  is  less  pronounced,  and  there  is  a  gentle  and  similar 
curve  throughout  the  whole  length  of  the  polypary.  (Comp.  Plate 
X.  Figs.  10  c,  6.) 

Fragments  from  the  earlier  extremity  of  the  polypary  are,  except 
for  their  peculiar  dorsal  curvature,  almost  inseparable  from  similar 
fragments  of  M.  Nihsoni,  Barr.  In  the  adult  portion  the  broad 
triangular  denticles  are  very  characteristic.  I  am  disposed  to  refer 
the  Graptolithus  acutus  of  Mr.  Hopkinson  to  this  species,  fragments 
of  which  from  the  neighbourhood  of  the  proximal  extremity  often 
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iuia«rer  preoisely  to  Ma  deecription,  and,  like  hia  examplee,  genetaUy 
occur  in  mutted  groiipB.     Compare  Plate  X.  Fig.  10c. 

Var,  iNvoLCTUs.     Plate  X.  Fig.  11. 

Grapiolilft    NiltBoui,    Nicholson ;     Quart.    Joarn.    Geol.    Soc. 
vol.  ixiv.  plate  xi.  fig.  18. 

What  Bcems  to  be  a  variety  of  this  species  is  not  unoommon  in 
the  hi^he^t  zones  of  the  Birkhill  Shales.  It  is  enrolled  in  an 
iiTogulitr  spiriil.  and  the  earlier  denticles  frequently  have  their 
extremities  recurved. 

Loeality. — Typical  form.  Upper  beds  of  the  BirkhQl  Shales  at 
Dobba  Lian,  f^nchland,  Qarple,  DaSkinneL 

7.  MoifoOBAPTns  aBXGABiCB,  sp.  nov.     Plate  X.  f^gs.  12  a — e. 
Graptolithut  Nilitoni,  Barr. ;  Qrapt.  de  Bohfeme,  pi.  ii.  fig.  17. 
QraploliUa  NiUioni,  Harknees;  Quart.  Joum.  Geol.  8aa.  vol. 

vii.  plate  L  figs.  7  a — d.  Nioholaon,  Qaart  Jonm.  Qeol.  Soc. 
vol.  xziv.  plate  xx.  fig.  19.  • 

Polypary  curved,  short,  rigid ;  one  to  one  and  a  half  inches  in 
length,  and  with  a  maximum  diameter  of  one-twentieth  of  an  inch. 
Hydrothecs  arranged  on  the  convex  margin  of  the  polypary,  adnate 
to  the  periderm,  in  contact  only,  triangular  iu  form ;  outer  edge 
concave,  apertural  edge  straight,  at  right  angles  to  axis  of  polypary, 
denticle  conspicuous. 

This  is  one  of  the  beet  characterized  epecies  of  the  group.  It  has 
hitherto  been  strangely  confounded  with  Monogr.  NilMoni,  with 
which  it  has  scarcely  a  character  in  common.  The  polypary  is,  as  a 
rule,  about  one  inch  in  length ;  but  sometimes  examples  are  met 
with  which  have  an  extent  of  2J  inches.  These  have  a  superficial 
likeness  to  similarly  sized  examples  of  Id.  inlermediu*.  From  all 
other  species  the  size  and  shape  of  polypary  at  once  distinguish  it. 

The  ticuia  in  Monogr.  ffregaritta  may  fairly  be  termed  gigantic.  It 
often  reaches  a  length  of  one- fourth  of  an  inch  before  the  primordial 
theca  is  developed,  and  its  broad  extremity  communicates  a  pieculiarly 
blunt  appearance  to  the  proximal  end  of  the  adult  polypary.  The 
specimen  figured  (Plate  X.  Fig.  12c)  is  from  the  Skelgill  Sbales  of 
the  Lake  District,  but  the  sicula  is  quite  as  conspicuous  in  Scotch 
and  Irish  examples. 

Locality. — This  species  characterizes  a  distinct  zone  of  the 
Birkhill  Shales,  in  which  it  swarms  io  extraordinary  profusion  at 
Dobbs  Linn,  Freuchlaud,  Garple,  Dumbreddan,  etc. 

8.  MoKOQRAFTUB  ATTENiTATiTS,  Hopkinsou.  Plate  X.  Figs.  9  a — d. 
Oraptolitkus  altenuatas,  Hopkinson  ;  Geol.  Mao.  1872,  Vol.  IX. 

Plate  XII.  Figs.  3  o—c. 
The  most  slender  species  of  the  Mbnograpii  yet  dieoovei'ed.  Mr. 
Hopkinson  gives  a  very  full  and  accurate  diagnosis  of  it  He 
believes,  however,  that  its  hydrotbecae  are  separated  from  each  other 
hy  a  slight  interval :  and  that  it  is  in  this  respect  allied  to  RattrilM. 
Samples  preserved  with  a  portion  of  their  relief  prove,  however, 
that,  as  in  all  apeciefi  of  this  type,  the  hydrothecee  an  tiul'j  va  oKiti.'uwX. 
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12.  MoMcxAmm  SunxBaon;  qk  nor.    Plate  XL  F!n.  2 
PolypMj  of  great  kngUi.  distal  potti<maligJ,Uy  ««ate.  and  l^viii;, 

a  maximum  diamftpr  of  ono-tfaniiexh  of  an  mdi,  proximal  ixst^ 
long,  filiform  and  tliar|dy  incar^Bd.    HjdrodieaD  14  to  18  to^^ 
inch,  adpreased  to  the  concaTe  margin  of  the  periderm,  in  contact 
only ;  long  and  narrow,  ^^-ith  inclined  apertoial  margin  and  an  a^at 
but  inconspicnous  denticle. 

Commencing  with  an  extremely  slender  flagelliform  p-^rtion.  the 
polypary  aogments  its  diameter  very  slowly,  so  that  nearlv  a  foot  of 
length  is  attained  before  the  point  of  maximom  width  is  reachetl 
The  adult  organism  must  have  possessed  a  length  of  more  than 
eighteen  inches.  The  hydrothecae,  which  are  less  than  one-fiftieth 
of  an  inch  in  average  diameter,  are  somewhat  saccnlate  near  their 
distal  end,  but  for  the  greater  portion  of  its  length  the  exterior 
edge  of  each  is  quite  straight  The  margin  of  the  a|)erture  is 
invariably  inclined.  The  denticle,  though  remarkably  acute  i-^ 
never  so  prominent  as  in  Mono,  tenuis  or  Monogr.  Xihsoni. 

Straight  fragments  from  tlie  neighbourhood  of  the  proximal 
extremity  may  sometimes  be  confounded  with  Mono,  attenuatm 
Hopkinson.  The  long  slender  pol^-pary  and  narrow  t^eculiarlv 
shaped  hydrothecae  at  once  distinguish  it  from  all  other  forms, 

I  dedicate  this  species  to  my  friend  W.  A.  Sanderson,  Esq.  of 
Galashiels,  without  whose  generous  assistance  the  complete  descrip- 
tion of  many  of  these  forms  would  have  been  practically  impossible. 

Locality. — Birkhill  Shales,  Middle  zones ;  at  Dobbs  Linn,  French- 
land,  Belcraig. 

13.  MoNOGRAPTUS  C0NCINNU8,  sp.  nov.     Plate  XJ.  Figs.  1  a— e, 
Polypary  curved,  of  great  length  ;  gradually  enlarging  through  a 

▼ery  narrow  incurved  proximal  portion  to  a  maximum  diameter  of 
ODe-«ixteenth  of  an  inch.     Hydrothecae  20  to  24  to  the  inch,  adnate 
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to  the  concave  margin  of  tho  peridorm,  witliout  overlap ;  conical 
in  form ;  outer  margin  slightly  convex,  apertural  margin  deeply 
oohcave,  and  nonnnl  or  aomewhat  everted. 

The  hydrothecte  in  the  adult  portion  of  the  polypary  are  broad 
onps,  nearly  as  wide  as  long,  and  with  large  and  strongly  everted 
apertures.  Fragments  from  this  extremity  would  be  unheBitatingly 
assigned  by  most  palieontologists  to  M,  Hinngeri,  Carr.  (lagiUariaa. 
His.,  of  aulhors).  The  proximal  portion  of  the  polypary  again 
greatly  resembles  that  in  M.  Nihaoni,  Barr.,  and  it  would  at  ouoe 
be  referred  lo  that  species. 

The  oharacters  afforded  by  the  hydrothecai  of  the  proximal  end, 
when  carefully  noticed,  are  [wrhaps  euEBciently  distinctive.  Their 
enter  margins  ai-e  often  somewhat  convex,  while  the  apertural  edge 
is  invariably  deeply  concave,  and  the  pointed  denticle  thus  formed 
ie  verj-  different  from  the  almost  rectangular  denticle  in  M.  Niliaoni. 
1  regard,  however,  the  separation  of  this  form  as  a  distinct  species 
as  merely  provisional.  A  better  aoquaintauce  with  Monogr.  Sitsgoiti 
may  prove  that  the  distal  extremity  of  that  form  is  provided  with 
the  largo  cup-like  thecte  of  Monograptus  concinntw. 

Localilg. — Eirkhill  Shales  of  Dobbs  Linn,  Bolcniig,  Garjile,  eto. 
EXPLANATION   OF   PLATE  X. 
Fio.  I.         £iutrila  perefriiHii,  Barr.,  Toa^.;  showing  t^e  distal  prolonntion  o( 
the  lirpilH,     Coal-pit  Bbt.     (Coll.  "W.  SwanaUin,  Esq.) 
„     2a— b         „       dUtin;  Liipw.,  nat.  size.    Meigle  EiD,  Selkirkahire. 
„      3.  „       Zinnai,  Sanande ;  OrapC,  de  Dohtme,  plate  it.  fig.  2. 

„      4a — b         „       capiltarit.  Can.,  4a.  nat.  size  ;  ib.  magn,    DDfildnnel. 
„      (.  „       ptTigrinu.'Saii.f'vai.  hsbriivi.     Belcraig  Liimt,  HoSat. 

„      6a — d    Cyrlcgraplut  QiiTufAfrn,  Lapw. ;  6a.  proiimal  portion;  6b.  primar]' 

branches  ;  6d.  magn.     ElliottsGeld,  Koibiirghshire. 
„       la — £   Mimograplut    JVi/hdri,    Barr.  i     7e.    proximal    eitremitf;      7a.   adnll 
portion;    74.  raagn.     Leintwardina.      (Coll.   Prof.    H.    A. 
Nicbolion.) 
,,      80 — b         „       StJieri,   QeiDitz ;    8a.  nat.  size.;  Si.    magn.    Caddonwater 

Head,  Selkirkshire. 
„      9a — d         „       a((«nuaf»>,  Hopk. ;  9J.  magn.     Dotibs  Linn,  and  Biskiuhops 

„    lOa — 4         „       intermtdiui,  Carr,,  lOe.   magn.     Duffkianel,    DiunMeuhire. 

(CoU.  Prof.  H.  A.  Nicholson.) 
,,    11  „        tntarmediiu,  var.  invsiutu*.     Dohbs  Lum. 

„    I2a—e         „       yr^sriiu,  I.Bpw. ;   12a.  nat.  siie ;    124.inagii.i   12e.  proximal 

eitremitj  showing  sicola.    Dotiba  Linn. 
„    13d — t        „       oryulM,  L^pw. ;  13a.  proximal  eitromitj,  13i.  adult  portion, 

13c.  magnified.    Dobba  Linn,  Dnmfrieashiie. 
EXPLANATION  OF  PLATE  XI. 


2a — 0     MutiofTcptut    SanitTtmi,  Lapw.    2a.  h.  distal  portions ;   2«.  if.  do. 

magn. ;  2«.  proximal  einl     Dobba  Lina. 
3a — H      Kanagrapttu   ttiui;  Fortliick   ip.    3a.  b.  t.  ttdolt   portions;  J&i.    : 
do.  magn. ;  if.  g.  proximal  eitremitiea :  i  h.  k.  do.  magn.     Dobba 
Lino  and  Ettrickbridgend.    31.  m.  n.  Irish  eiamplea.      Limehni, 
Pomeroy,  Tyrone. 
In  tbeae  Platea  the  Ggnres  in  black  are  of  tbe  natoraViize.    Those  in  outline  are 
magnified ;  ledaced  to  a  uniform  acale  at  five  diameten  from  drawings  nude  vith 
the  camera  Incida. 

i)Ecu>i  n.— rok  ni. — xo.  m.  1\ 
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I, — Critical  Obsehvatioss  os  THEoaiEe  07  tbb  Bubth'b  Pdybical 
ETOi-trrios.  By  CnpL  C,  E.  Duttos,  U.S.A.  (Tbe  Penn 
Monthly.     Philadelphia,  Mny.  1876.) 

THii  author  remarks  that  there  are  few  great  problems  in 
physical  science,  which  have  been  stadied  so  long,  and  with 
snch  meagre  snocess.  as  that  which  involves  the  dynamical  causes  of 
the  present  inequalities  of  the  earth's  sutface.  Of  the  effects  of  the 
forco  which  has  produced  theee,  we  already  posseee  considerable 
knowledge.  Of  its  origin  we  know  but  little  ;  unless  the  theory 
which  hns  recently  attracted  mach  attention,  and  of  which  Mr. 
Mallet,  F.R.S.,  is  the  most  conspicuous  advocate,  be  considered  a 
true  solution.  The  eftrth  i*s  assumed  to  bo  a  mass,  which  is  hot 
within  and  cold  without,  and  to  be  continuously  radiating  into  space 
its  interior  heat.  In  consequence  of  this  loss  of  heat  from  the  interior, 
the  portions  which  suffer  a  lo^  of  temperature  contract ;  while  the 
portions  near  tbe  surface,  remaining  at  a  teniperature  due  to  their 
position  in  space,  suffer  no  change  of  volnme.  As  the  solid  crust 
sinks  together  to  follow  down  the  shrinking  nucleus,  the  work 
expended  in  mutual  crushing,  and  dislocation  of  its  parts,  la  trans- 
formed into  heat,  by  which,  at  the  places  where  the  crushing 
sufficiently  takes  place,  the  material  of  the  rock  so  crushed,  and  of 
that  adjacent  to  it,  is  heated  to  flision.  Tlio  access  of  wnlor  to  such 
points  determines  volcanic  eruption.  Volcanic  heat  therefore  is  one 
result  of  the  secular  cooling  of  a  terraqueous  globe,  subject  to 
gravitation  ;  and  needs  no  strange  or  gratuitous  hypothesis  as  to  its 
origin.  Mr.  Mallet  also  brings  within  the  range  of  the  same  system 
of  causation  the  origin  of  terrestrial  features.  They  are  unquestion- 
ably associated  ;  and  any  theory  must  aimilarty  connect  them. 
The  questions  which  will  be  asked,  and  to  which  answers  will  be 
offered,  are ; 

First,  admitting  that  the  earth  is  a  cooling  body,  and  that  it  is 
oontracting  internally,  is  the  cause  appealed  to  quantitatively  suffi- 
cient to  produce  the  effect  ascribed  to  it  ? 

Second,  admitting  (for  the  sake  of  argument  only)  that  the 
assigned  cause  is  sufficient,  does  it  explain,  and  is  it  consistent  with 
known  facts,  and  tbe  observed  structure  of  the  earth's  surface  ? 

In  conneiion  with  the  first  inquiry,  it  may  be  remarked  that  Mr. 
Mallet  has  not  attempted  to  indicate  tbe  stage,  which  the  secular 
cooling  of  the  earth  has  now  reached,  hot  has  arbitrarily  atssumed  it 
to  be  an  advanced  one.  This  is  quite  ueoessary  to  tbe  validity  of  his 
hypothesis.  For  it  is  obvious  that  if  the  secular  cooling  has  been 
hitherto  small,  it  is  insufficient  to  explain  the  various  known  phe- 
nomena of  structure,  which,  if  produced  by  contraction  at  all,  would 
have  required  a  very  great  amount  of  it 

Sir  W.  Thomson  has  made  an  application  of  «  proposition  in 
Baron  J.  J.  Fourier's  •'  Theorio  Analitique  do  la  Chaleur  "  to  the 
case  of  a  cooling  globe.  The  particular  problem  which  he  proposed 
was,  What  baa  been  the  duTatiou  of  the  oooltng,  and  -what  is  the 
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present  distribtition  of  sabterraneaa  temperature  ?  He  took  tbe 
bigheat  reasonable  value  of  initial  temperature,  viz.  7000"  Fnh., 
wLioh  may  be  regarded  &a  extravagantly  high,  in  oriJer  to  avoid 
any  objectioni  which  might  be  made  by  geologists.  And  he  took 
the  mean  present  rate  of  increase  of  tempemture  in  descending, 
around  which  nearly  all  results  of  observation  tend  to  cluster,  viz. 
one  degree  for  fifty-one  feet ;  while  the  conductive  power  of  the 
commoner  kinds  of  rook  and  their  specific  heat  were  determined  by 
experiment.  From  tliese  data  be  deduced  the  period  of  oooling,  and 
the  present  distribution  of  temperature  vrithin  the  globe,  arriving  at 
the  following  results.  The  period  since  the  glolie  solidified  [suppos- 
ing it  to  have  become  solid  throughout  simidtaneously*]  cannot  be 
less  than  twenty  million,  nor  greater  than  four  hundred  million  of 
years-  Below  the  depth  of  one  hundred  and  forty  miles  the  amount 
of  cooling  has  been  imraateriaUy  small— the  nucleus  being  nearly  as 
hot  aa  ever.  Various  criticisms  have  been  made  respecting  the 
qnantitiea  used  by  Sir  William  in  this  computation,  hut  after  making 
every  allowance  for  possible  errors,  the  following  eoncIuHion  still 
remains  from  his  application  of  the  theorem  :  That  no  cooling  has 
taken  place  to  any  important  (■xliiit  to  a  c,'rc-nter  dcplli  tliau  three 
hundred  mileB.  The  ratio  of  the  cooled  orust  to  the  unoooled 
nuclena  thus  deduced  would  be  about  the  same  as  that  of  the  peel  of 
a  fair-sized  Havana  orange  to  the  edible  interior. 

IF  this  argument  of  the  most  eminent  physicist  now  living 
cannot  be  invalidated,  what  becomes  of  Mr.  Mallet's  hypothesis? 
It  fails  utterly  by  the  deetructioa  of  his  most  important  premiss. 
He  assumes  a  large  amount  of  cooling  and  a  large  amount  of 
consequent  contraction.  It  results  from  Sir  William's  argument 
that  there  has  been  only  an  insignificant  amount  of  either. 
The  difference  is  one  which  admits  of  no  compromise ;  for  the 
two  quantities  do  not  lie  within  the  same  order  of  magnitude, 
and  by  do  poasible  rsvisioti  can  they  be  made  conformable  to 
each  other.  One  of  the  two  must  be  utterly  wrong  and  untenable. 
The  exact  point  of  conflict  will  be  found  in  the  different  inter- 
pretations which  tbey  place  upon  the  observed  rate,  or  rates,  of 
increase  of  temperature  with  depth.  Sir  William  adopts  without 
question  the  view  that  it  is  an  index  of  the  aboriginal  heat 
still  remaining  within  the  earth  at  the  present  stage  of  its  secular 
cooling.  Mr.  Mallet  holds  that  it  is  an  indication  of  heat  developed 
by  secondary  causes,  produced  by  a  stage  of  oooling  incomparably 
more  advanced.  It  may  be  noted  here  that  Mr.  Mallet's  view  is  a 
"gratnitouB  assumption";  the  very  kind  of  assumption  which  he 
asserts  to  be  unnecessary  to  his  hypothesis.  The  older  view, 
although  it  may  not  be  capable  of  the  rigorous  demonstration  which 
physic^  problems  sometimes  require,  rests  upon  some  substanfJal 
evidence.  We  are  indebted  to  no  one  more  than  to  Mr.  Mallet  for 
probable  evidence  that  the  seat  of  volcanic  action  is  not  very  deep  ; 
and  if  the  heat  eaoountered  in  mines,  and  artesian  wells,  is  not 
good  evidence  of  high  temperature  near  the  surface,  voloanos  ox^. 

*  Ths  HotenrM  endiMed  in  sqaue  brackets  is  imerted  h^  &«  'B.tnveiiei.— '^uvc. 
Gsoi.  }£.ia. 
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»  rameaiim^  aad  we  bin  no  oAer 
oa  dhe  idbjed;  dillMr  ooe  wi^  or  dw 
r  Mk  IbUel  hM  pcodBoed  BO  pniof  i^mt- 
I  it  rt  «B^  be^MM  it  aaite  Us  bjintkeak. 
Altfaoo^  lbs  bafdea  of  praof  it  charilj  w^  turn,  an  apped  to  it 
na^  tw  wgMdai  as  mdBawfB.  Kor  i«  tUi  n  pit  Miry :  for  bb 
arguMM*  a^  bo  Ban  firaed^  mmOiA.  If  it  b«  ao^gbt  to 
iimlidste  tlw  ■|i|ilii  yimi  of  Bina  famntft  iheomm  bj  attempl- 
iBg  to  Aow  Ibat  the  bott  lonBd  in  mioM  sod  wells  is  doe  in  acj 
»pf>nciable  degne  lo  the  work  of  m  mboMBttg  crnst.  tbe  e9(>R  miift 
&0.  For  let  m  h^>|mw  tlst  the  ewtb  hM  dixipoted  ai  leMt  tme- 
ffxtrib  of  ita  aberigiBal  beat  Tf  it  bat  &si^aled  more,  tben  tbe 
aigBmeot  wiD  bo  atnager.  llioa,  aegleetii^  for  b  moroeiit  tbe 
beat  aiun^  frtm  tbe  anbaiStng  enat,  and  aU  otber  aoconduj  oi 
extratwova  additaon^  tbe  lata  of  ioenaae  of  tempecatiiTe  witb  depth 
would  be  in  poitiotM  near  Uw  anr&ee  not  for  from  one  d^ree  F. 
per  1 000  feet  of  deooeot-  Bat  tbe  mean  obaerred  rale  of  increase 
ia  Kime  Boremleen  time*  greater  tban  tbia ;  and,  if  the  observed  nt« 
is  due  to  tbe  aeoondary  caoae.  tben  we  ahould  have  the  i^maiiiable 
conclusion  forced  npon  lu,  that  only  the  seventeenth  part  of  tbe 
heal  radiated  into  space  is  original,  the  T«m»iDder  being  generated 
by  the  work  of  ila  nuking  crust ;  which  is  nvi*-  ■■■:;■  ■•'H'-)'?  If  a 
more  advanced  stage  of  cooling  than  one-f      ■      '        -  I  then 

the  impossibility  Incomes  all  tlie    more  c..-i.-,  >Iiiig 

be  much  leas  advanced  than  one-fonrth,  the  quantitative  basis  of  Mr. 
Mallet's  hypothesis  disappears.  If  the  proposed  modification  proved 
anything,  it  would  prove  that  the  subsiding  cmst  oould  generate  au 
enonnouBly  greater  quantity  of  heat  than  the  earth  originally 
possessed ;  whereas  we  know  that,  in  any  case,  the  quantity  bo 
generated  must  be  far  less.  The  applicability  of  Fourier's  theorem 
to  the  cooling  earth  cannot  be  impaired  therefore  by  the  propose'l 
objection.  The  result  of  its  application  ie  tbe  conclusion,  that  the 
secular  cooling  of  the  earth  is  still  in  its  earlier  stages ;  that  the 
cooled  portion  is  comparatively  speaking  only  skin-deep  ;  and  that 
the  nucleus  is  very  nearly  as  hot  as  ever.  If  this  conclusion  is  ever 
weakened,  it  will  be  by  the  effect  of  laws  and  processes  which  are 
at  present  unknown. 

We  have  quoted  the  above  paragraph  in  full,  beoause  it  expresses 
Captain  Button's  conclusions  upon  a  question  that  has  been  much 
debated  of  late,  yet  rarely  with  so  much  clearness.  He  goes  on  to 
say  that  the  foregoing  argument  was  first  presented  by  the  fiev. 
Osmond  Fisher,  of  Cambridge  (England),  and  subsequently  by 
himself  without  any  knowledge  of  Mr.  Fisher's  fmalyiiis.  Tiie 
concluaionB  reached  were  identical.  The  writer  referred  to  cer- 
tainly did  apply  tbe  results  of  Sir  William  Thomson's  investiga- 
tion to  dcterniioe  the  amount  of  inequalities  of  the  earth's  surface, 
which  might  be  produced  by  the  shrinking  due  to  cooling,  and  found 
it  to  be  very  far  too  small  to  account  for  those  which  exist.  But  he 
did  not  directly  apply  this  result  to  the  refutation  of  Mr.  Mallet's 
*Jicory,  OS  Capbtin  Button  \aA  done.  ^«  e.Y^t«nah«d  that  question  in 
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a  different  manner,  and  in  a  separate  publication,  arriving  by  a 
different  road  at  exactly  the  same  oondnsion  with  Captain  Datton. 
It  is,  however,  apparenUy  to  Mr.  Fisher's  paper  "On  the  Inequalities 
of  the  Earth's  Surface "  that  Captain  Dutton  refers,  and  we  would 
make  a  slight  correction  in  his  allusion  to  it  Captain  Dutton  writes : 
"  That  gentleman,  as  if  doubting  the  result  of  his  own  elaborate 
computations,  remarks  that  it  is  difficult  to  conceive  any  source, 
other  than  contraction,  of  the  intense  corrugations  which  meet  our 
observation,  and  suggests  that  metamorphism  and  consolidation  are 
accompanied  by  a  contraction  of  volume."  We  do  not  understand 
Mr.  i^her  as  appealing  to  this  cause  to  help  to  account  for  the 
globe's  contraction,  but  rather  as  making  it  an  objection  to 
Babbage's  theory  of  the  elevation  of  sedim^itary  deposits  through 
their  lower  parts  becoming  heated.  The  doubts  expressed  were 
not  as  to  the  results  of  his  own  computations,  but  rather  as  to 
the  truth  of  Sir  William's  supposition,  upon  which  he  had  based 
them,  viz.  that  the  earth  is  solid. 

To  return  to  Captain  Button's  article.  In  seeking  for  the  causes 
which  have  produced  the  physical  features  of  the  earth's  surface, 
geologists  require  a  supply  of  mechanical  force :  but  that  arising  from 
contraction  from  cooliug  is  many  times  less  than  the  quantity 
required.  But,  if  it  be  replied  that  the  data  on  which  this  result  is 
obtained  may  still  be  erroneous,  the  most  just  course  will  be  to 
inquire  whether,  supposing  the  contractional  theory  be  correct,  it  will 
explain  the  facts  to  be  accounted  for. 

1.  The  origin  of  continents  has  been  attributed  to  inequalities  of 
conductivity  of  different  parts  of  the  crust ;  and  the  escape  of  heat, 
and  consequent  contraction,  has  been  supposed  less  beneath  the  land 
than  beneath  the  ocean.  But  continents,  though  they  are  geogra- 
phically units,  are  in  their  geological  relations  highly  complex 
aggregates.  Each  portion  of  them  has  its  own  history,  its  own  law 
of  development,  its  own  stratigraphical  series ;  and  still  possesses  its 
structural  peculiarities.  And  to  be  unmindful  of  such  facts  would 
be  to  incur  the  risk  of  serious  errors. 

The  vertical  movements  have  not  been  uniform.  Certain  areas 
have  repeatedly  undergone  submergence  and  emergence  alternately ; 
so  that  they  must  have  been  formerly  regions  of  great  contraction, 
and  have  subsequently  become  regions  of  less.  All  those  great 
prominences,  to  which  the  term  table-lands  is  usually  applied,  and 
which  form  the  most  elevated  portions  of  the  earth,  are  covered  with 
heavy  beds  of  marine  strata  of  Mesozoic  or  Tertiary  age — so  far  at 
least  as  is  now  known.  The  Himalayan  plateau  reveals  great  bodies 
o£  marine  Tertiary  beds,  at  an  altitude  of  16,000  feet  above  the  level 
of  the  sea.  According  to  the  hypothesis  then,  the  rate  of  contraction 
in  this  locality  must  have  been,  prior  to  the  Eocene,  greater  than 
the  average;  but  since  the  Eocene  it  must  have  been  less.  The 
quantitative  sufficiency  of  this  cause  to  produce  continents  might 
remain  without  question,  if  geology  had  furnished  proof  that  it  had 
been  acting  continuously  and  cumulatively  in  one  direction  through- 
out the  whole  period  of  evolution.     As  it  is,  whatever  values  be 
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assigned  to  the  required  data,  gome  one  or  more  of  tbera — the  time,  or 
the  difference  of  conduotivity,  or  that  of  the  mean  temjierature  of 
different  {tortious  of  the  crust — will  be  involved  to  an  extent  far 
greater  than  physicists  or  geologists  will  he  disposed  to  grant. 

2.  The  subject  of  plications  ia  one  to  which  the  contractional 
hypothosis  is  supposed  to  be  esijecially  applicable.  The  astonishing 
attitudes,  the  extreme  disturbance  and  manifestations  of  energy, 
which  they  frequently  display  with  endless  diversity,  fill  the  mind 
of  the  geologist  with  wonder  and  awe.  Out  of  tho  vaat  array  of 
facts  the  following  generalizations  clearly  appear ; — 1.  They  are 
aggregated  in  great  belts,  where  the  folds  lie  near  and  approximately 
parallel  to  each  other,  with  a  high  degree  of  flexure;  while  the 
neighbouring  regions  are  comparatively  but  little  so  disturbed. 
2.  Plications  are  the  invariable  concomitant  of  mountain  forms. 
Sometimes  the  folds  themselves  form  the  mountains  and  ridges. 
Sometimes  they  lie  upon  the  flanks  of  ranges,  which  are  composed 
of  granite  cores,  which  seem  to  have  risen  up  out  of  tho  depths,  and 
pushed  the  strata  aside  to  find  exit.  There  is,  however,  almost  an 
exception  to  this  goneralizaliou  in  tlie  country  drained  by  the 
Colorado  river.  Here,  and  also  in  the  Great  Basin,  the  rocks  are 
out  by  great  faults,  and  iipUflod  thousands  of  foot  in  tables,  witli 
strata  nearly  horizontal,  or  tilted  so  that  one  side  of  a  range  shows 
the  surface,  and  the  other  the  faulted  edges  of  the  strata.  The  eon- 
verse  proposition,  that  plicated  regions  are  mountainous,  is  not 
always  true.  'i.  Plicatioiia  occur  in  regions  of  laarimum  sedimenta- 
tion— that  is,  where  large  bodies  of  sediment  have  been  accumulated 
lupidly.  Tlie  Palseozoio  strata  of  Great  Britain,  and  the  Appa- 
lachians, are  ten  or  fifteen  times  as  thick  as  those  of  the  Mississippi 
Valley  and  of  Central  Russia.  The  former  are  plicated ;  the  latter 
not  so.  The  Alps,  Jura,  Urals,  Himalayas,  Andes,  and  Kocky 
Mountains,  are  all  plicated,  and  are  regions  of  maximum  sedimenta- 
tion. The  reverse  proposition  is  also  true,  that  regions  of  tnintmum 
sedimentation  are  comparatively  undisturbed.  4.  The  epochs  at 
which  tho  plications  commencod  were  those  during,  or  immedialely 
following,  the  deposition  of  maximum  sediments.  It  has  frequently 
liap]>ened  that  a  region  has  received  deposila  through  a  long  series 
of  epochs,  and  in  such  cases  a  general  unconformity  afaowa  the  pli- 
cations to  ha\-e  bwn  continuous  also.  This  generalization  is  im- 
portant ;  for  it  suggests  tliat  the  relation  is  something  more  than  a 
mere  coincidence.  5.  In  some  plicated  regions  there  may  be  ob- 
served a  marked  coincidence,  or  general  parallelism  between  the 
directions  of  the  axes  of  flexure  and  the  axes  of  maximum  sedimen. 
tatinn.  Tliie  is  the  case  with  the  Appalachians,  the  Alps,  and  the 
Jura.  In  the  Kocky  Mountains  the  thioker  strata  do  not  occur  in 
elongated  narrow  bells  having  a  uniform  trend ;  but  are  broad  and 
iiTegularly  defined.  But  there  ia  also  less  regularity  in  the  plioetionB 
and  forms  of  disturbance. 

Now  the  contractional  theory  assumes  plicated  regions  to  ocour 
along  lines  of  weakness  in  the  crust.  Bnt  does  it  sng^st  any 
reason  why  those  places  where  the  strata  lie  thickest  should  become 
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the  weelcHt  ?  or  why  the  partionlar  epooh  of  diatarbsnoe  ahoold 
coinoide  with,  or  immediately  follow,  the  epocJi  of  depoait?  What* 
ever  may  be  the  me«ning  of  these  oon^atione,  it  is  quite  oertun 
that  they  are  not  aooideutal ;  and  it  cannot  be  for  one  moment 
admitted  that  snoh  a  gratnitons  asanmption,  as  these  sappoeed  lines 
of  weakness,  is  any  explanation  of  them  at  alL 

Calling  attention  to  the  extreme  displaoement  seen,  the  author 
remarks  there  is  itill  no  chaos.  In  New  England  and  the  Middle 
States  the  beds  preserve  their  positions  as  perfeotly  aa  when  tbey 
were  deposited.  However  vast  the  disturbing  foroe  may  have  been, 
we  may  well  wonder  at  the  gentleneBS  and  ease  with  which  they 
have  been  lifted  np  or  let  down.  As  if  to  remind  us  how  destruotive 
the  foroe  might  have  been,  we  find  here  and  there  a  few  acres  whioh 
have  nnmistakably  been  subject  to  lateral  thrusts,  in  consequenoe  of 
the  sliding  of  a  large  roass  down  a  steep  inoline,  or  some  other  local 
cause,  and  the  strata  have  "gone  into  'pi.'"  This  preservation 
of  oontinQity  suggests  that  the  foroe  whioh  produced  the  movements 
was  a  minimun  foroe — that  is,  a  foroe  having  the  smallest  intensity 
which  is  capable  of  producing  the  movement.  But  this  is  demon- 
strably a  system  of  foroee  acting  upwards  at  the  antiolinals,  and 
downwards  at  the  synclinals.  It  is  equally  capable  of  demonstration 
that,  of  all  possible  modes  in  which  a  foroe  could  be  applied  to 
produce  &  fold,  the  horizontal  or  tangential  application  would 
require  the  greatest  intensity.  It  is  the  latter  force  which  the  con- 
tractional  hypothesis  supplies  ;  and  the  probable  result  of  it  would 
be,  not  flexures,  but  the  annihilation  of  all  traces  of  stratification. 
It  is  a  taw  of  mechanics  that  tendencies  to  rupture  increase  with  the 
cubes  of  dimensions,  while  resistances  to  rupture  increase  only  with 
the  squarea.  The  masses  under  conaideration  are  colleotively  of  the 
extent  of  states  and  empires ;  the  individuals  are  mountain  ranges 
and  valley  bottoms ;  and  their  coherence  in  the  pretence  of  the 
forces  which  are  adequate  to  move  them  becomes,  by  virtue  of  the 
foregoing  law,  a  vanishing  quanti^.  Such  masaes,  under  the  action 
of  the  supposed  force,  would  be  the  mereat  rubble,  and  quite 
incapable  of  preserving  their  integrity.  The  action  has  frequently 
been  illuatiatcd  by  subjecting  a  pile  of  paper  to  oompresaJon  edge- 
wise. A  closer  analogy  would  be  presented  if  the  paper  were 
reduced  to  ashes  oi  charcoal  before  applying  the  pressure.  A  better, 
though  far  from  an  adequate  one,  may  be  found  in  the  chaos  pro- 
duced in  the  Arctic  regions,  where  a  great  ice-floe  is  driven  upon  a 
rooky  ooaet. 

Captain  Dutton  had  intended  to  have  adduced  other  objections  to 
the  contractional  hypothesis,  depending  on  the  arrangement  of 
mountain  systems,  their  structure,  and  the  figure  of  the  earth  itself. 
But  he  considers  the  arguments  above  given  sufficient  to  overthrow 
the  theory.  He  has  no  theory  to  put  in  the  place  of  it ;  but  promises 
in  a  future  article  to  indicate  a  few  oouditiona,  to  whioh  any  euch 
must  conform,  before  it  can  claim  even  a  conditional  acceptance. 
The  importance  of  the  subject,  and  the  philosophical  spirit  in  whioh 
it  is  here  treated,  must  be  our  excuse  for  the  length  of  the  above 
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notice.  Tbo  Americaa  geologists  have,  as  a  body,  given  more 
attention  to  mechanical  geology  of  late,  than  tbose  of  this  country  ; 
and  Ciiptdin  Dutton  boqiuh  peculiarly  fitted  to  oope  with  its 
difficulties. 

The  idea  that  monntain  elevation  has  been  in  some  way  connected 
with  areas  of  maximnm  scdinieDtatioik  may  be  found  in  the  intro- 
duction to  HaU'a  Palaeontology  of  New  York  (1859).  We  do  not 
remember  to  have  seen  the  opinion  adopted  by  any  English  geologist, 
but  it  is  unquestionably  a  point  of  great  importance  to  determine 
whether  it  is  a  true  generalization ;  since,  if  it  be  so,  it  is  a  moet 
important  one. 

WithoQt  adding  any  su^estione  of  onr  own  upon  this  ^and 
subject,  we  await  with  inl«reat  Captain  Dutton's  nest  communication 
to  the  "Penu  Monthly"  Magazine. 

II. — RtTDiHEHTB  OF  Gkolooy.     By  Samdel  Sharp,  F.S.A.,  F.G.S. 
Second  Edition.     (Stanford,  Ix>ndon.  1876.) 

AS  the  first  edition  of  this  work  was  reviewed  in  the  pages  of  the 
Geological  Maoazi;(B  so  recently  as  August,  1875,  it  will 
only  be  necessnry,  nn  the  present  occasion,  to  ttike  notice  of  the 
additioDB  and  alterations  whicli  have  been  introduced  into  it,  now 
that  it  has  reached  a  second  edition.  All  the  changes  maile  are, 
we  think,  clearly  in  the  direction  of  improvement.  By  enlarging 
it  from  126  to  204  pages,  the  author  has  been  enabled  to 
treat  the  subject  of  PhysicJil  Geology  in  a  rnther  more  adeijuate 
manner  than  was  attempted  in  the  first  edition;  while  several 
portions  of  his  epitome  of  stratigraphical  geology  have  been 
rewritten,  and  greater  clearness  and  accuracy  imparted  to  them  ;  he 
has  also  shown  a  commendable  anxiety  to  bring  the  work  up  to 
date  by  noticing  the  results  even  of  the  most  recent  researohes.  An 
index,  the  want  of  which  was  oertainly  a  blemish  in  the  first 
edition,  has  been  supplied  in  the  present ;  and  we  may  now  recom- 
mend this  little  manual  as  being  among  the  best  of  those  introduc- 
tory text-books  of  geology,  the  multiplication  of  which  may  be 
accepted  as  a  gratifying  proof  of  the  increasing  demand  for  elemen- 
tary instruction  in  the  science. 

III. — Prodhomdb  of  thk  Paleontology  of  Viotokia  ;  or  FiatmKS  and 
Descbiptions  of  ViCToatAN  Organic  Eemaiks.  By  F.  M'Cov, 
etc.,  etc     Decade  IIT.  pp.  40,  10  plates.     (Melbourne,  1876.) 

THE  third  Decade  of  Prof,  M'Coy's  Victorian  PalBBontology  con- 
tains descriptions  and  figures  of  several  fossils  of  great  interest. 
The  first  plate  is  devoted  to  figares  of  portions  of  the  jaw  of 
Thylacoleo  cami/ex,  Owen,  representing  specimens  derived  from  the 
identical  locality  from  which  Prof.  Owen's  original  example  was 
obtained,  Lake  Colungiilao,  Victoria.  According  to  Prof.  M'Coy,  his 
late  acquisitions  Busiest  certain  modifications  of  Prof.  Owen's  view 
as  to  character  and  homologies.  One,  a  specimen  of  the  upper  jaw, 
exhibits  for  the  first  time  ^1  the  teeth  in  front  of  the  camassial  in 
lilit.     Prof.  M'Coy  finds  that  the  Victorian  individuals  differ  suffi- 
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ciently  from  Ibe  N.  S.  Wales  speciinens  need  by  Prof.  Owon  for  tbe 
completion  of  bis  memoir  on  T.  earnifex  in  the  Philoaopbical  TroDS- 
actions  88  to  suggest  epeoifiu  Hepanktion.  Should  thie  view  be 
accepted,  he  propones  to  restrict  tbe  name  T.  earnifex,  Owen,  to  the 
portiun  of  the  upper  jaw  figured  and  described  from  the  original 
Lake  Coliragulao  example,  wbilat  for  tbe  N.  S.  Wales  spocimenB  he 
proposes  the  name  T.  Omeni,  M'Coy, 

Five  species  of  Trilobilet  are  figured,  inclnding  Phaeopg  caudalus, 
Brong.,  and  Bomalonotug  Harriaoui,  M'Coy.  The  former  is  one  of 
our  most  typical  Upper  Silurian  species,  and  appears  to  run  through 
as  many  varieties,  at  tbe  Antipodes,  as  in  Britain.  The  latter  is  a 
representative  of  its  English  and  American  ally,  H.  dtlphinocepha- 
lua.  Green. 

Parsing  to  foBsils  of  Tertiary  age,  we  are  introduced  to  tbe  Austra- 
lian analogue  of  another  British  shell,  Nautilug  (^Itiri'a)  eie-zae,  Sow., 
of  tbe  London-clay.  The  Victorian  individuals  fi-om  the  Oligocene  and 
Pliocene  beds  of  Port  I'bilip  Bay  bo  closely  resemble  the  compressed 
variety  of  the  above  species  {Nautilug  aluria.  Baslerot),  thnt  Prof. 
M'Coy  baa  merely  given  to  them  the  varietal  name  Atialralia 
(N.  (Ataria)  zic-xae,  Sow.,var.  ittistruli's,  M'Coy).  Of  numerous  genera 
which  have  almost  difnppeared  since  the  close  of  the  Mesozoic  Epoeh 
is  the  genus  Flearotomaria.  It  is  represented  in  European  Tertiary 
strata  by  two  rare  species,  P.  Sitmondai,  tioldf.,  and  F.  coneava, 
Deshayes,  and  in  tbe  living  state  hy  two  still  rarer,  P.  jidattBottiana, 
and  P.  Quoyana.  To  these  Prof,  M'Coy  has  had  the  extreme  good 
fortune  to  add  a  third  Tertiary  species,  P.  Tertiarta,  from  a  lime- 
stone interstratified  witb  Basalt  on  tbe  Moorabool  River,  at  Maud. 

Prof.  M'Coy  has  already  made  known  two  Tertiary  species  of 
Trigouia  {T.  temiunduiata,  M'Coy,  and  T.  aeuiieoeliita,  M'Coy),  and 
now  adds  another,  T.  Hoinitti,  a  larger,  thicker,  and  stronger  shell 
than  either  of  the  former  or  the  living  species.  It  was  found  in 
sandy  marl  at  the  entrance  to  tbe  Qippsland  Lakes. 

Two  other  forme  call  for  special  notice,  one,  Cueullaa  Corioenut 
M'Coy,  a  very  common  shell  in  certain  of  the  Victorian  Tertiary 
beds.  It  is  distinguished  from  the  recent  species  by  its  raucb 
greater  gibbosity,  thicker  shell,  etc,  and  has  for  nearest  allies  in  tbe 
fossil  state  a  New  Zealand  Tertiary  species,  C.  pondero»a,  Hutton, 
and  C.  eraiMlina,  Lamk.,  of  the  French  Upper  Eocene.  The  second 
form  to  which  we  would  draw  attention  is  the  Cyprwa  avellanoides, 
M'Coy,  an  almost  exaot  representative  of  the  European  Trieia 
avetlaTta.  Numerous  other  species  are  described  to  which  less 
general  interest  is  attached,  altiiougb  each  forms  a  welcome  addition 
to  Australian  Palsetmtology.  R.  E.  Jun, 

IiE5>OE-TS  JLia-X)    FB.OOE!B3X)II<ra-3. 

Gkolooioal  Society  of  London. — I. — May  10,  1876. — Prof.  P. 
Martin  Duncan,  M.B.,  F.R.8.,  President,  in  the  Chair.  Tbe  follow- 
ing oommunioations  were  read  :  — 

1.  "  On  some  Fossil  Reef- building  Corals  from  the  Tertiary  De- 
posits of  Tasmania."  By  Prof  P.  Martin  Duncan,  M.B.,  F.B.S., 
President. 
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Tlie  gfieoies  described  by  the  author  were  Heliattrra  tatmanieu$i'. 
8p.  M.,  Thamnastrtea  sera,  sp,  n,,  and  a  second  Bpecies  of  Thamnai- 
traa.  BoUi  these  genera  are  compOBed  of  reef-building  corals,  and 
the  species  here  described  undoubtedly  belonged  to  that  category. 
They  required  the  natural  conditions  peonliar  to  Coral-reefs,  The 
antbor  noticed  the  facta  as  to  the  distribution  of  land  and  water  in 
the  Australian  region  in  Lower  Cainozoic  times,  which  are  revealed 
by  the  deposits  belonging  to  that  age,  and  indicflt«d  that  although 
the  insular  distribution  of  the  land  may  have  been  unfavourable  to 
the  growth  of  Coral-reefe,  the  existence  of  a  suitable  sea-tempera- 
tnre  in  the  latitude  of  Tasmania  is  insufficiently  explained.  A 
single  relio  of  the  old  reef-building  Corals  survives  on  the  shores  of 
Tasmania  in  the  Eehinopora  roautaria,  Lano.,  bat  all  the  other  forms 
h&Te  died  off.  The  coral  isotherm  would  have  to  bo  15"  lat.  south 
of  its  present  position  to  enable  reefs  to  floniish  south  of  Cape  Howe, 
and  this  could  be  caused  only  by  a  change  in  (he  arrangements  of 
land  and  sea,  and  in  the  position  of  tho  polar  axis.  The  author 
indicated  the  general  arrangemenls  of  laud  which  seemed  to  have 
prevailed,  and  noticed  that  at  that  period  and  even  earlier  the  coral 
isotherm  of  74"  reached  fully  25°  north  of  its  present  position  in  the 
portion  of  the  globe  antipodean  to  Tasmania ;  bat  it  would  seem  to 
require  more  than  mere  geographical  changes  to  account  for  the 
existence  of  important  reefs  in  western,  central,  and  southern  Europe 
and  in  Tasmania  synchronously.  The  fiora  nnderlying  the  marine 
Cainozoio  I'eposits  of  Victoria  indicate  tropical  conditions,  as  do  tlie 
Echinodormata  of  the  KUcoeeding  strata  (described  in  the  following 
paper).  The  fossil  plants  of  the  Arctic  regions,  from  the  Carboni- 
ferous to  the  Miocene  epoch,  give  evidence  of  the  existence  of  higher 
temperatures  and  of  other  conditions  of  light  than  those  now  pre- 
vailing ;  but  were  tho  polar  axis  at  right  angles  to  the  plane  of  the 
ecliptic,  and  were  there  no  greater  node  than  at  present,  there  would 
be  equal  day  and  night  at  all  points.  The  difficulty  is  to  account 
for  the  present  position  of  the  axis  on  this  supposition  ;  but  the 
author  suggested  that  the  great  subsidences  of  Miocene  lands,  the 
formation  of  the  southern  ocean,  and  the  vast  upheavals  of  northern 
areas  at  the  close  of  the  Miocene  epoch,  may  have  sufficed  to  produce 
the  present  condition  of  things. 

2.  "  On  the  Echinodermata  of  the  Australian  Cainozoic  (Tertiary) 
Dejwsits."     By  Prof.  P.  Martin  Duncan,  M.B.,  F.Il.S,,  President 

In  this  paper,  after  noticing  the  history  of  our  knowledge  of 
Australian  Tertiary-  Echinida,  the  author  gave  a  list  of  the  species 
nt  present  known,  amounting  in  all  to  23,  and  described  the  fol- 
lowing as  new  species  : — Leiocidaria  atiatralicE,  Temnechinut  lineatui, 
Arachnoidet  Loveni,  A.  elongatta,  Sht/nchopi/gttt  di/aaiteroides,  Echi- 
nobrissua  aaatrnlia,  Holaiter  auatralia,  Maretia  anomala,  Enpatagia 
rotandue,  and  E.  Ltiubei.  The  author  remarked  upon  the  characters 
and  synonymy  of  the  previously  known  species,  hb  most  important 
statement  being  that  the  so-called  genus  Semipatagva  is  in  reality 
identical  with  the  recent  genus  Lovenia,  Gray,  as  dearly  shown  by 
fine  specimens  in  his  possession.    The  most  marked  genera  of  the 
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existing  AuBtralian  fauna  are  not  repreaented,  but  are  replaced  by 
nnineroiis  Spatangoids ;  three  epcoiee,  however,  a ro  identical;  but 
tw-o  of  these  have  a  very  wide  range.  Of  the  remainder,  9  are 
allied  to  receiit  Auatiulian  Bpecios,  moetly  from  the  north  of  the 
coutinent ;  6  are  allied  to  Euro|)ean  and  Asiatic  Cretaceous  forms ; 
5  are  closely  related  to  Nummulitic  types ;  and  one  Bpeoies  appears 
to  belong  to  a  peculiar  genuB,  namely,  Paradoxechinus  sovas,  Laube. 

3,  ■'  On  the  Miocene  Fossils  of  Haiti."  By  K.  J.  Lechmere  Guppy, 
E»tj..  F.L.S..  F.G.S. 

Aller  referring  to  the  lit«r&tnre  of  the  eutigeot,  the  aatbor  stated 
that  hia  paper  was  fonnded  to  a  great  extest  upon  the  examination 
of  specimens  in  the  Society's  Mnaenm.  He  gave  a  list  of  the  de- 
scribed fossil  shells  of  St  Domingo,  with  notes  on  their  synonymy, 
and  described  as  new  the  following  species : — Sigarettti  eaeentrieui, 
CanetUaria  epitUmifera,  Mvrex  eomareetut,  TwiineUut  adijieatua, 
Crypaa  OcAinana,  and  Phorxu  dekcltu, 

II.— May  24,  1876.— Professor  P.  Martin  Duncan,  M.B.,  F.R.S.. 
President,  m  the  Ghair.  The  following  oommunioations  were  read : — 

1.  "On  the  Old  Glaciers  of  the  Northern  Slope  of  the  Swiss 
Alps."    By  Prof.  Alphonse  Pavre,  F.M.G.S. 

The  author  illustrated  his  remarks  by  a  map  on  ascale  of  ti^ffss, 
showing  the  space  oocupied'by  the  old  Swiss  glaciers  at  the  time  of 
their  greatest  extension,  and  fonnded  in  part  upon  evidence  obtained 
since  1867,  when  he,  in  conjunction  with  Prof.  Studer  and  M,  L. 
Soret,  issued  an  "  Appel  aiix  Suisses "  for  the  preservation  of 
erratic  blocks.  He  said  that  in  existing  glaciers  two  parts  may  be 
recognized, — an  upper  one,  the  reservoir  or  feeding  glacier,  and  a 
lower  one,  the  flowing  glacier.  Applying  this  division  to  the  old 
glaciers,  it  appears  that  in  the  glaciers  of  the  Bhone  and  Bhine  the 
flowing  glacier  which  ocoupied  the  plain  had  a  surface  nearly 
equal  to  that  of  the  feeding  glacier  which  was  situated  in  the  moun. 
tains.  By  means  of  several  tables  M.  Favre  showed  the  height 
attained  by  these  glaciers,  their  thickness,  the  slope  of  their  upper 
surface,  etc.,  at  various  points  in  the  Alps,  the  Jura,  and  Swahia,  and 
deduced  as  the  result  of  the  comparison  of  these  numbers  : — 1.  that 
the  Rhone  glacier  passed  over  several  of  the  chains  of  the  Jura, 
and  that  the  ice  covering  tliese,  far  from  being  an  obstacle  to  the 
extension  of  the  glaciers  of  the  Alpa,  actually  reinforced  them,  and 
served  them  as  relayt,  the  glaciers  of  the  Jura  having  carried  far 
on  the  Alpine  erratic  blocks.  2.  That  tbe  slopes  of  the  upper  surface 
were  variable,  and  were  null,  or  nearly  so,  over  considerable  spaces. 

At  the  Calanda,  near  Coire,  there  are  erratics  which  seem  to 
be  at  a  higher  level  than  that  attained  by  the  glacier.  This  may  he 
explained  by  the  formation  in  the  glacier  of  a  sort  of  eddy,  which 
would  elevate  the  ice  to  a  certain  amount  over  a  limited  space. 

During  tbe  greatest  extension  the  Swiss  glaciers  came  in  contact 
with  those  of  Central  France  near  Lyons ;  they  united  with  those 
of  the  Jura,  the  Black  Forest,  and  the  AuBtrian  and  Italian  Alpa ; 
they  stretched  from  the  plain  of  the  Po  to  that  of  the  Danube ;  and 
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further,  for  diatancea  of  50  or  100  kilometres  tliey  nearly  ap- 
proached horizontal  ity.  Eenoe  they  resembled  the  glaeiers  of  the 
interior  of  Greenland  ami  Spitzbergeu,  so  far  as  can  be  judged  from 
the  descriptions. 

2.  "Evidences  of  Theriodonte  in  Permian  Deposits  elsewhere  than 
in  South  Africa."     By  Prof.  K.  Owen,  C.B.,  F.R.S.,  F.Q.S. 

Iq  this  paper  the  author  noticed  some  desoribed  Reptilia  which  he 
believes  to  belong  to  bis  order  Theriodontia.  In  1838  Kulorga 
described  as  probably  mammalian  the  distal  end  of  a  humerus 
showing  a  perforation  or  canal  above  tlio  inner  condyle.  The  spe- 
cimen -vtas  from  the  Perminnof  the  western  Oural,  and  Entorga  gave 
it  the  name  of  Ilrithopui  prUeus.  Under  the  name  of  Ortboptu 
princBvue  he  described  the  proumal  part  of  the  humerus  of  the  same 
species,  perhaps  of  the  same  bone.  There  is  thus  evidence  of  an 
estinct  reptile  in  tho  Permian  deposits  of  the  Oural,  with  a  humerus 
showing  the  characters  of  the  Theriodont  Beptiles  of  the  Karoo 
series  of  South  Africa.  Tlie  British  Museum  possesses  a  cast  of  the 
first-mentioned  fragment,  labelled  by  Erantz  "  Euroiaurtu  araleTuii, 
H.  von  Meyer,  Brithoptu  priecut,  Kutorga."  The  genus  Eurotaurut 
was  founded  in  1842  by  Fischervon  Waldhuim  upon  some  fragments 
of  bone,  including  a  humerus  with  a  broad  proximal  end,  as  in 
Kiitorga'a  Orthopua ;  and  Fischer  also  noticed  a  humerus  showing 
characters  like  those  of  Eutorga'a  Srithoputi.  from  the  same  locality 
OS  tho  portion  of  a  jaw  described  under  the  name  of  Hhopalodoit 
Waiujniilicmii,  Fischer,  which  ooulained  nine  molar  teetli,  with  thick, 
pointed,  anbcompressod  crowns,  with  trenchant  and  serrate  borders. 
In  1858  H.  von  Meyer  described  a  skull  from  the  Permian  of  the 
Oural,  under  the  name  of  Mecogaurus  urnliensie,  as  a  Labyrinthodont ; 
and  Eichwald  referi-ed  this  genus,  with  Kutorga's  Brilhopas  and 
Orthopua,  to  Fischer's  Eurosawrus.  The  author  regarded  Mtcofaurut 
as  truly  Labyrinthodont;  whilst  the  Permian  forma  constituting 
Kutorga's  genua  were  referred  to  the  Theriodont  order.  From  the 
same  liicality  aa  the  above  Eittorga  deacribea  Syodon  hiarmieum  as 
probably  a  Pachyderm,  Its  teeth  resemble  thoae  of  GynodTokon. 
Eichwald's  DeuttrotavTw  hiarmicus  is  founded  upon  the  fore  part  of 
both  upper  and  lower  jaws  of  a  Reptile,  containing  t«eth  with  denti- 
culate or  crenulate  trenchant  borders,  the  canines  being  large,  especi- 
ally in  the  upper  jaw.  Devterotaurus  closely  resembles  Oynoirakon, 
and  still  more  the  Lt/coaavrus  of  the  Karoo  beds  of  the  Sneewberg 
range.  All  the  above  are  from  tlie  Permian  beds  of  the  Oural,  and 
the  author  regards  them  as  furnishing  important  evidence  of  the 
Palieozoio  age  of  the  Karoo  series,  in  which  the  Theriodont  Beptiles 
are  best  represented. 

The  author  further  noticed  a  Theriodont  allied  to  Lyeo$aurua  from 
a  red  sandstone,  probably  of  Permian  age,  in  Prince  Kdward  Island. 
The  remains  include  the  left  maxillary,  premazillary,  and  nasal 
bones ;  the  teeth,  implanted  in  distinct  sockets,  have  sub-corn  pressed, 
recurved,  conical,  pointed  crowns,  with  minutely  crenulat«d  borders. 
The  foremost  tooth  in  the  maxillary  is  a  canine,  and  in  other  points 
the  dentition  shows  Theriodont  characters.  This  fossil  has  been 
described  by  Dr.  Leidy  under  the  n&ine  of  Bathygnathut  borealii. 
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Thus,  Rnpposing  the  affinities  of  the  fossils  from  the  Oural  and 
Prinoe  Edward  Island  to  he  correctly  determined,  the  Beptilia  dis- 
tinguished hy  Mammalian  characters  are  shown  to  haye  had  a  very 
wide  range.  Further,  the  author  thinks  that  the  Theriodont  Beptiles 
of  the  Bristol  Dolomitic  Conglomerate  may  also  prove  to  constitute 
a  family  in  the  Theriodont  order. 

The  Earl  of  Enniskilleu  stated  that  when  Prof.  Agassiz  first  came 
io  England,  he  employed  Mr.  Dinkel  to  draw  the  fossil  fishes,  and 
obtained  the  fine  collection  of  drawings  which  was  subsequently 
presented  to  the  Geological  Society  by  the  late  Earl  of  Ellesmere. 
By  a  special  arrangement,  Lord  Enniskilleu  and  Sir  Philip  Egerton 
paid  for  those  drawings  which  were  made  from  each  other's  col- 
lections, the  drawings  remaining  their  property.  In  this  way  Lord 
Enniskilleu  is  the  possessor  of  those  drawings  which  were  made  for 
Professor  Agassiz  from  Sir  Philip  Egerton's  collection,  and  it  was 
his  intention  to  leave  them  by  his  will  to  the  (Geological  Society  in 
order  that  they  might  be  added  to  the  set  already  in  the  Society's 
possession.  Owing  to  the  almost  total  failure  of  his  eyesight,  die 
figures  in  Lord  Enniskillen's  possession  are  now  quite  useless  to 
hiiu,  and  he  proposed  to  present  them  at  once  to  the  Society. 

The  President  ofifered  the  thanks  of  the  Society  to  Lord  Ennis- 
killen  for  his  intended  present,  and  at  the  same  time  gave  expression 
to  its  regret  at  the  cause  of  his  Lordship's  determination. 

The  Geological  Society  op  Stockholm. 
(Gbolooiska  Fo&eninobn  I  Stockholm.) 

At  the  meeting  of  this  Society,  May  4, 1876,  Dr.  Th.  Nordstrom 
exhibited  and  described  a  theodolite,  constructed  by  the  late  Mr. 
Barthelson,  for  the  purpose  of  mapping  mines. 

Dr.  E.  Svedmark  gave  an  account  of  some  microscopical  researches 
on  Uralite-porphyry  from  Vaksala  near  Upsala  in  Sweden. 

Mr.  E.  Erdmann  called  attention  to  the  power  of  the  waves 
in  denuding,  grooving  out  and  grinding  rocks  along  the  sea-shore, 
and  exhibited  a  model,  constructed  by  himself,  showing  the  result  of 
this  power  on  the  almost  perpendicular  layers  of  sandstone  at  the 
coast  of  the  Firth  of  Forth,  near  Edinburgh,  a  place  visited  by  him 
last  year.  He  then  exhibited  some  samples  of  sand,  etc.,  from  a 
deep  boring  at  Gothenburg,  in  Sweden,  where,  at  a  depth  of  from 
114  to  116  feet  under  the  surface,  and  about  100  feet  below  the 
level  of  the  sea,  a  shell-bed,  or  a  bed  of  sand  with  many  remains 
of  shells,  had  been  discovered.  Mytilua,  Balanus,  Yoldia  and  Fora- 
minifera  were  found.  This  shell-bed  at  so  great  a  depth  below  the 
sea-level  may  perhaps  indicate  that  the  land  here  once,  during  or 
later  than  the  Glacial  Period,  was  higher  than  it  is  at  present.  He 
also  exhibited  some  specimens  of  jasper ^  which  Dr.  A.  G.  Nathorst 
had  found  in  Skane  (Scania)  as  small  layers  and  lenticular  masses  in 
a  sandstone,  probably  of  Triassic  age. 

In  reference  to  the  account  of  Mr.  Erdmann  of  the  denuding 
power   of  the  waves,  Prof.  0.  Torell   and  "Dx.  'Sot^'etec^xsi  ^ss^ 
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Rttention  to  some  places  ia  Sweden  where  this  doaadiiig  power  also 
could  be  traced.  Prof.  Torell  also  mentioned  the  marine  fauna  at 
Gothenburg,  and  Mr.  Bortzell  made  some  remarks  on  the  deep-boriug 
at  Gothenburg. 

OmOSXtaiHH  FoRBNtHCRMl  FoBHAMlLiyO'ta.    Stocjcbolv.    Ko.  33.    CoXTKKn. 

1.  Uratine.    Aprils,  1876, 

2.  I'.  W.  ulonutrand,  Bidra^  till  kBna&daniea  am  LuogbHusgrafTiuif  minerBliec. 
(ContributiuD  to  the  Knowlvdee  d(  the  MinBraU  of  the  Ijimgben-mine  in  Swt-dpo.) 

3.  A.  M.  JenntrSm.  Om  Finluidii  poatglitoialii  Bkolgnisbilddan.  (On  the  I'usl- 
glocisl  8hell-b«d«  in  Pinlind.) 

4.  £.  ErdiDBim.  Profil  geaom  en  rallBtensai.  (Seetion  of  a  Bwedish  "  Aa"^ 
Kame»,  Eflkers — cim^iatiag  uf  stratified  aaad  and  erarel  with  liouldeis.) 

6.  8ff«li->h,  Norwegian,  Finloailic,  and  Danihh  ^ologieol  literBture  publiahiil 
dnring  I87fi.  

COE-K.BS  F03^X>E  IJTCE. 

APPAEENT  AND  TRUE  DIP. 

Sir, — Mr.  Penning's  very  eimple  oonetruction  for  direction  of 
dip,  given  in  the  May  Number  of  thia  Magazine,  is  only  approi- 
imftle,  and  in  extreme  cases  might  be  rather  widely  wrong.  In  the 
case  he  has  taken  for  his  figure  the  error  wilt  be  about  3° ;  in  the 
caee  of  dips  of  30  and  60"  at  right  angles  to  each  other,  his  oon- 
Btruction  would  bo  8^  wrong. 

The  aocTirate  rule  would  be  as  follows  ;— 

Draw  two  lines  from  a  point  in  directions  of  the  two  observed 
dips.  Set  off  along  each  line  lengths  proportional  to  the  tangent 
of  the  oilier  dip  (or  to  the  cotangent  of  its  own).  Join  the  ends  of 
these  lengths  :  the  joining  line  will  be  the  direction  of  the  strike, 
the  perpendicular  to  it  from  the  angle  will  be  the  direction  of  the  dip. 

Moreover,  if  coiangents  have  been  used,  the  length  of  this  perpen- 
diotdar  is  proportional  to  the  cotangent  of  the  true  dip,  whose 
magnitude  as  well  as  direction  will  thus  be  determined  by  one 
construction. 

Mr,  Penning's  construction  wonld  give  the  magnitude  of  the  dip 
by  the  formula  :  Length  of  perpendicular  :  lengtii  of  a  side  : :  dip  * 
in  direction  of  other  side  ;  true  dip.    And  as  accurate  valnes  of  dips 
are  usually  needless,  this  would  probably  give  sufficiently  correct 
results. 

Mr.  Penning's  rule,  as  any  one  acquainted  with  Trigonometry 
may  see,  is  equivalent  to  assuming  that  angles  are  proportional  to 
their  tangents.  E.  Hill 

CAMBRmaB,  Jfoy  2Zrd,  1876. 

SOUTH  AUSTHALIAN  P08T-TEBTIABY  FORAMINIFESA  AND 
OSTHACODA. 
Sir, — A  notice  of  the  occurrence  of  the  following  species  of  Fora- 
minifera  and  Ostracoda  in  the  Post-Tertiary  beds  of  South  Australia 
may  be  of  interest  to  some  of  your  readers.  A  small  collection  of 
Ktollusca  was  presented  to  the  Museum  of  Practical  Geology,  London, 
many  years  ago,  by  Mr.  H.  Challoner,  of  the  Burra-Burra  Mines, 
South  Australia.  From  the  matrix  contained  in  and  surrounding 
these  the  minute  fossils  were  washed  by  Mr.  J.  Bennie  and  myselt 
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AcxMrding  to  the  label  Bcoompanyiog  the  sbelU,  the;  were  foand  ia 
sinking  a  GoTemmeat  well  in  the  Uurray  £irer  Flats,  on  the  rood 
from  the  Burra-Barra  Mioesto  the  Great  Bend  of  the  Hurraj  Biver, 
about  half  way  (thirty  milee)  between  the  two  pointa  named.  Far 
the  determination  of  the  Fonminifen  I  am  mnoh  indebted  to  Mr. 
H.  B.  Brady,  F.B.Sl,  and  to  Prof.  O.  S.  Brady,  for  a  like  examinadon 
of  the  OBtraiooda. 


The  Foraminifera  ara^ 

BibeukKt  amlrari*,  D'Olb. 

„        deprma,  D'<^b. 

„         damfita,  D'Orb. 

„       ritigiju,  Lamk. 

Cbm  tupira  filiacta,  Pbi]. 

„  invofwnt,  B«mi. 
Criiltilarui  ralulola,  iMmk. 
eimduUna  Imifala,  D'Urb. 
Sauiriiia  aimprttia,  D'Orb. 
Oriilnlila  tomplaHa/ui,  I^mk. 
ituorhiiiiu  TitiaiUlm,  Cijiok. 

„  Ungtriana,  D'Orb. 

The  Oatracoda  are — 

SainUa  ovata,  Q.  Bndj. 
Macrocyprii  aeuminata,  Renas. 


FalfttomeOa  eratiaUala,  F.  A  U. 
maallo,  F.  t  H. 

FulciiHlina  tligaiu,  D'Orb. 

QHinqmloeuIina  agglulinatu,  D'Orb. 
„  tteam,  D'Otb. 

„         >>MiNiiJH»,  linn,  (rar.) 
„  tiiiretiuidn,  Moataga, 

SBlalia  Soldanii,  D'Orb. 

Spireloiulina  camliailala,  D'Orb. 

TrUocalina  oihiiga,  Monte 

trU^ri,,al«,  D'Orb. 

TrmeatiUma  loialula,  W.  &  J. 


.  BradT. 

[.  Bradj. 


Prof.  Brady  remarks  that  these  appear  to  be  perfectly  identical 
with  the  Ostracodsl  fauna  now  living  in  the  seas  of  Australia  and 
the  Malay  Archipelago.  A  few  other  Ostracoda  were  also  present, 
probably  new ;  but  from  the  paucity  of  individuals  it  was  scarcely 
advisable  to  describe  them  at  present 

The  Murray  RtveF  Flats  consist  of  a  flat  scrubby  plain  extending 
from  the  Murray  River  on  the  East,  between  the  Great  Bend  and 
Lake  Victoria,  to  the  South  Australian  Chain,  or  Cape  Jervis  Range, 
on  the  West,  and  must  be  composed  of  strata,  geologically  speaking, 
of  no  great  antiquity ;  in  fact,  the  whole  of  that  portion  of  the 
southern  coast  of  Australia  bears  evident  traces  of  recent  upheaval, 
even  in  places  now  going  on.  B.  Ethbbidob,  Jtm. 

Eduibubob,  May,  1676. 

LLANDOVERY  EOCKS  IN  THE  LAKE  DISTEICT. 
Sni, — The  assertion  made  by  Mr.  Aveline  in  the  last  Number  of 
the  Geol.  Mao.,  that  "  both  the  Upper  and  Lower  Llandovery  Books 
are  absent  in  the  Lake  Dietriot,"  is  not  borne  out  by  the  researohes 
of  other  observers,  nor  is  it  in  accordance  with  the  published  atate- 
ments  of  each  well-known  authorities  as  Prof.  Harknese  and  Dr. 
Niaholson.  The  Coniston  Limestone  is  generally  acknowledged  to 
be  the  equivalent  of  the  Bala  Limestone,  and  the  succession  np  to 
this  point  is  quite  clear.  Upon  this  limestone  the  Qraptolitio  Mad- 
stones,  according  to  Mr.  Aveline,  rest  "  with  a  veiy  slight  uncon- 
formity," and  he  oonsiders  the  mndstones  to  be  the  equivalents  of 
the  Tarannon  shales  of  Wales.  The  Tanmnon  shales  he  considers 
form  the  base  of  the  Wenlock  series,  aud  henoe  to  be  higher  in  the 
teal*  than  the  Upper  Llandovery  or  May  Hill  sandstones.  Now, 
by  a  atraoge  ooinctdeace,  we  find  the  fallowing  etsAjeia^xvV  \i'3  ^^e. 
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Nicholeon  in  tbe  same  Nnrober  of  the  Maoazike,  p.  316  : — "It  u 
liighly  satisfactory  to  me  to  know  that  Dr.  Linnarsson's  investigalioDE 
fiilly  conT>borat«  the  view  always  maintaine'}  by  Prof.  Uarfcness  and 
mj-selfon  ttiis  matter — namely,  that  the  Coaiston  Mudetones  are  in- 
dubitably inferior  to  the  true  Cpper  Silurian  rocks."  In  the  same 
pftjier  he  mentions  several  facU  in  support  of  tliis  view,  and  I 
certainly  tLink  tlio  evidence  at  present  t^nds  strongly  to  show  that 
these  inudstones  are  considerably  lower  in  the  succession  than  Mr. 
Avt^line  would  have  us  believe.  Tlie  Conistoa  mudstoncs,  flags,  and 
grits  collectively  appear  to  represent  the  Upper  and  Lower  Llando- 
Tery  rocks  of  part  of  Wales,  and  probably  also  the  Taraimon  shales 
and  Denbighshire  grita.  lliese  latter  are  not,  in  my  opinion,  to  be 
placed  altogether  above  the  Llandovery  rocka,  but  to  a  great  extent 
to  be  considered  tbeir  equivalents.  That  difficulties  will  continually 
arise  in  any  attempt  that  ia  made  to  correlate  these  rocks  in  dif- 
ferent districts  there  can  be  no  doubt,  and  the  reason  ia  obvious 
when  we  recollect  how  great  the  cbsngee  were  which  took  place  at 
the  time  these  were  deposited.  In  the  May  Number  of  the  Geol. 
Uag.,  pages  215  and  216,  I  attempted  to  explain  what  the  reealt 
of  necessity  would  be  in  those  areas  wluch  were  undergoing  Uiese 
great  physical  changes,  and  the  effoot  on  the  deposits,  and  the  order 
of  succession.  It  is  tolerably  clear  that  tbe  uplitlang  of  the  sea- 
bottom  in  Cumberland,  and  in  North  Wales,  occurred  after  the 
Upper  Bala  and  Ooniston  Liniostono  liad  been  deposited,  for  tho  suc' 
cession  is  i>erfectly  clear  in  both  areas  up  to  that  point.  The  up- 
lifting which  now  occurred  raised  the  sea-bottom  above  water-level 
in  parts  of  those  areas  only,  and  to  unequal  heights.  Hence  portions 
remained  submerged,  some  became  shore-lines  and  sballows,  and 
others  were  raised  sufficiently  to  become  dry  land.  It  is  clear, 
therefore,  that  as  these  parts  were  again  gradually  submerged,  sedi- 
nionts  were  laid  down  more  or  less  unconformably  upon  tho  uplifted 
portions,  and  that  the  character  of  the  sediments  and  the  thicknesses 
would  vary  greatly  even  within  very  narrow  limits.  The  denuda- 
tion of  these  uplifted  portions  would  also  furnish  abundant  material, 
and  so  the  sediments  would  be  heaped  up  rapidly  in  the  surrounding 
sea.  In  '  the  Welsh  area  the  Lower  and  Upper  Llandovery  rocks  of 
South  Wales  were  heaped  up  at  this  time,  and  as  this  part  continued 
under  water  during  the  whole  period,  the  sedimenta  there  show 
perfect  conformability  throughouL  But  as  we  advance  nearer 
towards  the  uplifted  portions,  the  series  gradually  thin  out,  and  an 
unconformity  may  show  itself  at  almost  every  point  in  the  sncceesion 
up  to  near  the  close  of  tbe  Upper  Silurian.  The  Tarannon  shales  of 
the  extreme  North  of  Denbighshire  and  the  Denbighshire  grits. 
being  entirely  tho  result  of  the  denudation  of  these  islands,  were 
also  heaped  up  chiefly  at  the  time  the  Llandovery  rocka  were  de- 
posited in  South  Wales ;  consequently,  for  the  most  part  they  may  be 
correlat«d  with  them.  The  same  order  in  the  deposits  appears  to  be 
shown  in  Cumberland,  and  I  entertain  no  doubt  but  that  at  some 
part  of  that  area  tbe  same  general  succession  may  be  recognized. 
SlfRioT  flovsB,  Hbkdoh.  Hbmbe  Bicks. 
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T. — CoBTEtBimONS  TO    THS   StUOT    OF  YOLOAMB. — SSOOSB  SmiH. 

Bf  Jour  T.  Junn,  P.0.8. 
On  THK  Imtkstai.  whioh  rfabatsd  thx  two  qkut  Pmuom  or 
YoLCAMio  AtmriTT  nr  OcunnxiDN  vna  tsb  Tobxatkui  or 
THK  AinsK  Ststkh. 

rE  Btndj  of  tha  gnat  mountain  ranges  of  Americi^  by  Rogers, 
Hall,  Dftna,  La  Coiite.  Hunt,  and  other  geolu^sts,  has  uoir 
throwD  mnch  new  ligfat  ou  the  earth ■moT^menta  which  precede  and 
aocompanj  tha  fonnatioD  of  moanlain  ohaina.  As  ibe  result  of  theae 
reaearches,  it  appean  certiun  that  the  preliniinary  stage  in  the  forma- 
lion  of  every  monntaiD  fivsteni  has  consisted  in  a  long-continiu'il 
depiession  of  the  area  wliich  is  afttT"-:irils  to  K-'0'>tiii'  its  site;  iniii, 
in  conaequence  of  thia  prolonged  subsidence,  the  aooumulation  of  an 
enormous  thickness  of  stratified  rocka,  within  the  great  trough  so 
formed,  has  taken  place.  Of  this  character,  as  is  now  well  known, 
liave  been  the  earlier  manifestations  of  the  aubterranean  forces  that 
were  concerned  in  the  formation  of  the  Appalachians,  Green  Mouo- 
tains,  and  other  American  ranges;  the  diatriots  in  which  tliey  are 
situated  were  subjected  to  long-continued  depression,  which  per- 
mitted of  an  abnormal  development  of  all  the  members  of  the  sedi- 
mentary deposits  formed  during  this  initintory  period ;  and  it  was 
by  the  folding,  metamorphism  and  crushing  together  of  this  abnor- 
mally thickened  portion  of  the  earth's  crust  that  the  indnrated  and 
elevated  mnases  bave  been  formed  which  denudation  has  sculptured 
into  the  existing  mountain  chains. 

Now  of  the  occurrence  of  just  such  long- con  tinned  periods  of  sub- 
sidence aa  constituted  the  earlier  stages  of  the  formation  of  the 
American  mountain  systems,  we  have  very  clear  and  unmistakable 
evidence  in  the  case  of  the  Alps.  After  the  series  of  volcanic  out- 
hurata,  which  we  have  described  in  detail  in  our  last  chapter,'  as  indi- 
cating the  existence  of  the  Alpine  line  of  weakness,  a  period  of 
almost  uninterrupted,  though  irregular,  subsidence  of  this  portion  of 
the  earth's  crust  commenced,  and  was  continued  throughout  the  epoolis 
of  the  Upper  Trias,  Rhsetic,  Jurassic,  Tithonian,  Neooomian,  Cre- 
taceous and  Nummutitic  formations. 

In  proof  of  this  prolonged  and  continuous  depression  in  the  Alpine 
r^on,  we  may  appeal  to  a  number  of  well-known  geological  facto. 
In  the  first  place,  it  must  be  remarked  that  almost  every  member  of 
the  Meaozoio  and  older  Eocene  formations  has  attained  in  the  Alpine 
regions  its  maximum  of  thickness  and  development.  Secondly,  w« 
1  See  the  Utj  Nnmbei,  p.  200. 
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maei  bear  in  mind  that  of  the  periods  which  in  surrounding  districts 
are  lotally  unrepresented  by  sedimentary  depoeite  (iudicating  that 
these  arotiB  were  not,  during  the  periods  in  question,  subjected  I<? 
depreKsion,  hut  rather,  aa  shown  by  numerous  and  marked  uncon- 
forinities,  were  the  aceaee  of  elevation  and  denudation)  we  find  in 
the  same  Alpine  regions  most  important  and  iut«reBting  representa- 
tivee.  Thus  the  IVias,  which  over  bo  large  a  part  of  Norihem 
Europe  eiliibits  evidences  only  of  the  prevalence  of  terrcBtrial  and 
lacustrine  oondiliouB,  is  represented  in  the  Alps  by  an  enormous 
tbickneeG  of  strata,  crowded  with  the  fonug  of  marine  life  of  the 
period.  The  Ithfetic,  which  finds  so  inadequate  a  development  in 
other  parts  of  Europe,  is  in  the  Alps  a  grand  formation  several  thpu- 
eands  of  feet  in  thickness,  which  completely  briilgea  over  the  interval 
between  the  Triassicand  Jurassic.  Similarly,  the  great  break  which 
in  other  areas  exists  between  the  Jurasaio  and  Neocomian,  and  is  so 
often  marked  by  strong  unconformity,  or  the  prevalence  of  land 
surfaces  and  lacustrine  deposits,  does  not  exist  in  Alpine  regions ; 
but  on  the  contrary  a  formation,  not  unfrequently  thousands  of  feet 
in  thickness,  and  yielding  an  interesting  fauna  of  intermediate 
character,  links  the  two  together;  so  that  the  transitions  from  Jurassic 
to  Titboniau,  and  from  Tithonian  to  Neocomian,  are  alike  imptr- 
eepfible.  Even  the  very  general  unconformity  at  the  base  of  tlie 
Cretaceous  finds  no  place  in  some  parts  of  the  AJpine  area,  for  highly 
fossiliferous  deposits  unite  the  highest  members  of  the  Neocomian 
with  the  oldest  beds  of  the  Cretnceous.  Lanily,  even  the  greatest 
gap  of  all,  that  between  the  Slesozoio  and  Tertiary  deposits,  is  found 
to  be  bridged  over  in  the  Alps  ;  and  in  the  midst  of  the  thick  masses 
of  the  Vienna  and  Carpathian  sandstones  it  is  impossible  to  draw 
lines  that  may  serve  to  divide  these  elsewhere  distinctly  separated 
periods.  In  short,  in  the  Alpine  districts  we  seem  to  have  clear 
proof  that  from  the  commencement  of  the  Triassio  to  the  close  of  the 
Nitmmulitic  period  continual  subsidence,  attended  by  constant  depo- 
sition, was  going  on,  and  that  the  interruptions  or  reversals  of  this 
movement  were  only  local  and  partial,  and  unattended  with  any 
wide- spread  effects. 

Still  another  confirmation  of  the  same  series  of  movements  may 
be  found  in  the  diversities  between  the  faunas  of  the  North  and 
South  of  Europe  during  the  Mesozob  periods, — diversities  which  are 
incapable  of  being  accounted  for  by  any  difi'erences  in  climatal  con- 
ditioue.  While  on  the  one  hand  it  is  demonstrable  that  no  ridge 
of  land  existed  which  during  these  periods  served  to  separate  these 
distinctly  marked  life -provinces,  we  may  point  out  the  same  effect 
would  have  been  produced  by  the  presence  of  a  great  and  constantly 
depressed  or  deep-water  area,  such  as  we  know  existed  during  the 
whole  of  these  epochs  in  the  Alpine  region. 

Ah  shown  by  Mr.  Darwin,  the  existing  areas  of  depression  within 
the  tropical  and  suh-tropical  portions  of  the  earth's  surface  are  ofl^n 
marked  by  the  growth  of  coral-reefs  ;  and  that  the  same  waa  the 
case  duiing  the  long  periods  of  subsidence  of  the  Alpine  regions  is 
<^6ar]y  proved   by  the  etudiei  of   Richtbofen,  Atojsissovica,   and 
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nnmenwe  other  observers.  Vast  masses  of  limestone,  sometimes 
ibonsands  of  feet  in  thickness,  and  not  nnfreqnenilj  wholly  or  in  part 
oonverted  into  dolomite,  stand  in  the  midst  of  the  sedimentary 
deposits  of  different  age  in  the  Alpine  legione;  and  the  nature  of 
the  organic  remains  of  which  these  are  bnUt  up  leaTOS  no  room  for 
doabt  that  they  represent  the  enormous  coral-reefs  of  this  old  period 
of  subsidence.'  At  the  present  day,  denndMioa  having  swept  from 
their  sides  the  masses  ot  sediment  by  which  they  were  anrronnded 
and  embedded,  these  ealcareons  and  often  dolomitiaed  pinnacles 
stand  in  isolated  grandenr,  eonsdtating  some  of  the  most  striking 
scenery  of  our  conttneni 

To  refer  once  mofo  to  the  lesvlts  of  Durwinls  researches  on  the 
ehanges  taking  place  oo  the  globe  at  the  presait  day,  we  may  point 
oat  that  he  has  shown  how  areas  of  depression  are  characterized  by 
the  non-appearance  of  volcanio  action  within  them ;  and  it  is  interest- 
ing to  find  that,  dmring  the  prolonged  periods  of  depression  in  the 
Alpine  area,  we  have  very  few,  if  any,  indications  of  the  oconrrence 
of  volcanic  ootbwrsts  within  it  In  the  limestone  area  of  the  Tyrol 
and  Salzkammei^i,  it  is  true  that  a  few  introsive  masses  of  gabbro, 
serpentine  Mid  other  rocks  have  been  noticed ;  bat  they  are  in  every 
instance,  so  far  as  I  am  aware,  unaccompanied  by  any  appearances 
which  wottkl  indicate  that  these  igneous  masses  had  ever  reached  the 
surface  and  produced  volcanic  action  there.  Indeed,  it  may  be 
asserted  as  a  matter  of  fact  that  the  Mesozoic  period  was,  throughout 
Oentral  Europe,  marked  by  an  almost  total  cessation  of  volcanic 
activity;  although  in  the  eastern  portions  of  Iturope,  as  in  the 
Garpathiane  and  Greece,  small  and  scattered  igneous  outbursts  would 
appear  to  have  taken  place  in  the  Liassic  and  Cetaceous  periods. 

According  to  Dana,  the ''geosynclinar*  or  downward  bending  of  the 
earth's  crust,  the  formation  of  which  was  the  first  stage  in  the  origin 
of  the  Appalachian  chain,  began  in  or  before  the  Oambrian  period, 
and  did  not  dose  till  after  the  completion  of  the  Carboniferous ; 
and  during  this  interval  a  mass  of  strata,  which  at  its  thickest  part 
could  not  have  been  less  than  40,000  feet  or  eight  miles  in  thickness, 
waa  formed.  Similarly  the  "  geosyndinal  '*  of  the  Alps,  of  which 
the  formation  i^pears  to  have  been  going  on  during  the  whole 
interval  between  the  commencement  of  the  Trias  and  the  end  of  the 
Nummulitic,  seems  to  have  led  to  the  accumulation  of  a  mass  of 
strata  having  an  aggregate  thickness  which  probably  is  scarcely,  if 
at  all,  inferior  to  that  exposed  in  the  Appalachians. 

It  is  evident  that  this  downward  bending  of  the  crust,  of  which 
we  have  so  many  dear  examples  in  mountain  ranges  situated  at 
difS»rent  parts  of  the  earth's  surface,  could  not  go  on  indefinitely. 
Even  if  no  fresh  causes  were  brought  into  action,  the  time  must 
come  when  the  lateral  thrusts,  which  had  produced  so  striking  an 
effect  in  the  downward  fold  along  the  line  of  weakness,  must  have 
given  rise  to  a  crumpling  or  crushing  together  of  the  rock  masses 
idong  this  same  Hue,  rather  than  to  its  simple  depression  in  a  down- 
ward curve. 

'  *  See  Beriew  of  Oilberf  s  and  Charchiirs  Dolomite  MoTrnteiiu^  (i\r}  V\\&  ^a^A  *V^^< 
B.  P.  Woodward),  Qmol.  Mao.  1664,  Vol  I.  p.  40.— Enrr.  Ow>i.- U^<*. 


340  J.  W.  Judd—On  Volcatm. 

But  ag  a  matter  of  fact  a  number  of  new  Foroea  would  be  called 
into  o]joratioii  by  the  enormous  depression  and  accumulation  of  sedi- 
ments along  the^e  geoayncliual  lines.  At  a  depth  of  40,000  fMt, 
taking  the  average  increase  of  temperature  as  delermiued  io  minen, 
Itore-holes,  etc,  as  our  guide,  we  may  infer  tLe  existence  of  tempera- 
ture capable  of  producing  a  decided  red  heat,  and  doubtless  eufficient 
to  permit  of  the  imprisoned  water  and  other  substances,  acting  during 
enormous  periods,  effecting  tlia  most  striking  metamorphio  changes. 
Bat  this  is  not  alt.  The  softening  plastic  mass  thus  pix>diioai, 
yielding  to  the  enormous  lateral  prcesure,  would  be  folded  «nA 
crushed  together,  and,  as  has  been  shown  by  Sorby  and  Hunt,  tlie 
mechanical  force  where  opposed  might  he  transformed  into  chemical ; 
and  thus  fresh  energy  would  be  oommuuicated  to  those  operations 
whereby  new  crystalline  products  were  being  formed  from  tba 
sedimentary  masses.  Still  another  cause  must  be  added  in  the  heat 
produced  by  the  transformation  of  the  crushing  forces,  as  shown  by 
Wurtz,  Vose,  and  Mallet.  From  all  these  causes  combined,  lie 
thickened  mass  of  sediments  of  the  geosyuclinal,  eepecially  in  tlicir 
lower  portion,  would  be  folded  and  crumpled  and  at  the  same  time 
subjected  to  such  an  amount  of  internal  chemical  action,  as  would 
permit  of  the  elements  of  which  they  are  composed  ai-ranging  them- 
selves into  oryatalliue  minerals,  according  to  their  several  affinities, 
under  the  peculiar  conditions  of  pressure  and  temperature. 

This  breaking  up  of  the  geosyuclinal,  resulting  from  continued 
subsidence  along  a  line  of  weakness,  has  somotimys  been  spoken  of 
as  resulting  in  a  ealaitrophe,  when  the  mass,  weakened  by  aoceasions 
of  heat,  first  began  to  collapse.  But,  it  is  perhaps  very  doubtful  if 
any  such  marked  cataclysmic  effect  would  ever  be  produced.  It  it 
at  least  equally  allowable  to  su])pose,  that  as  each  inferior  Bintam 
came  within  the  influence  of  the  metamorphio  action,  and,  acquiring 
jtlnsticity,  yielded  to  the  lateral  or  tangential  strain,  it  would  become 
folded  on  itself,  and  thereby  tend  to  neutralize  the  subsiding  move- 
ment of  the  overlying  masses.  Thus  there  would  be  set  up  two 
opposing  tendencies  in  the  great  thickened  mass,  and  in  the  end  the 
upward  strain  resulting  from  the  folding  together  and  crumpHog 
of  the  lower  strata  would  gradually  neutralize  and  finally  overcome 
the  downward  bending,  the  cause  of  the  great  subsidence,  which  wsi 
the  first  effect  of  the  lateral  pressure. 

When  this  point  was  arrived  at,  the  long-continued  downward 
movement  in  the  Alpine  region  would  be  brought  to  a  close,  and  in 
the  end  reversed.  And  as  a  fact  we  find  during  the  period  of  the 
Oligocene  the  evidence  of  just  such  a  pause  and  gradual  reversal  in 
the  movements  which  had  been  going  on  in  the  Alpine  and 
surrounding  districts.  Tlie  accumulations  of  thick  masses  of  mariae 
strain,  indicative  usually  of  a  considerable  depth  of  water,  gradually 
ceased  ;  littoral,  brackish- water,  and  finally  lacustrine  and  terrestrial 
ilcposits  succeeding  them.  That  the  subsiding  movementa  were 
still  locally  maintained,  while  the  general  tendency  waa  towards  a 
movement  of  elevation,  is  shown  by  the  great  thickness  of  terrestrial, 
iiiciistiine  or  eBtuarine  depQ»t&  aocumuiated  at  certain  points,  aad 
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which  oontain  the  valnable  masses  of  fuel  so  charaoteristio  of  the 
formatioiis  of  this  period.  The  effects  prodnoed  by  the  conflictiDg 
aotion  of  movements  of  opposite  diaraoter,  resulting  from  the 
gradual  breaking  up  and  destrucfcion  of  the  great  Alpine  geofynelincti, 
appear  to  me  to  be  just  snch  as  would  result  in  the  formation  of 
those  vast  lakes,  either  connected  with  or  entirely  separated  from 
the  sea,  which  characterize  the  Oligocene  period.  Such  lakes,  by 
the  accumulation  of  sediments  in.  them,  would  be  converted  into 
alluvial  plains,  that,  after  supporting  luxuriant  forests  or  vast  peat- 
moaaes,  appear  to  have  been  again  depressed  and  re-converted  into 
receptacles  for  sedimentary  deposits;  the  same  operation  being 
repeated  again  and  again  through  a  thickness  of  thousands  of  feet,  as 
is  illustrated  by  the  basins  of  Brown  Ck>al  in  Northern  (Germany,  and 
the  equally  vast  Coal-basins  of  the  Oligocene  period  in  Eastern 
Europe.  The  duration  of  this  well-sustained  conflict  between  the 
tendencies  towards  depression  and  upheaval  respectively  must  have 
been  enormous,  as  shown  alike  by  the  thickness  of  the  deposits 
formed  at  certain  points  during  the  interval,  and  by  the  changes 
undergone  both  by  the  moUuscan  and  mammalian  faunas  between 
its  commencement  and  termination.  That  the  conflict  terminated 
finally  in  the  triumph  of  the  tendencies  towards  elevation  is  suifl- 
ciently  proved  by  the  vast  increase  in  the  extent  of  the  land  area 
which  certainly  existed  during  the  next  succeeding  period,  that  of 
the  Miocene.  Thus  it  is  clear  that  the  lateral  thrust  to  which  the 
thickened  masses  of  sediments  of  the  Alpine  line  of  weakness  had 
been  so  long  subjected  resulted,  towards  the  close  of  the  Oligocene 
period,  in  a  marked  and  general  elevatory  movement,  succeeding  to 
the  subsidences  of  the  Secondary  and  Eocene  periods,  and  the  oscil- 
latory effects  of  the  earlier  Oligocene. 

No  fact  is  now  more  familiar  to  geologists  than  that  the  areas  of 
the  earth's  surface  in  which  active  volcanic  vents  exist  are  usually 
subject  to  elevatory  movements;  and  it  is  interesting  to  find  the 
converse  of  this  proposition  very  strikingly  illustrated  in  the  ancient 
geological  history  of  the  Alpine  system.  No  sooner  do  we  detect 
the  symptoms  of  the  long-continued  movements  of  subsidence  being 
gradually  brought  to  a  close,  than  we  also  begin  to  notice  the  first 
symptoms  of  the  renewed  outburst  of  volcanic  forces,  in  the  regions 
where,  as  we  have  before  seen,  they  bad  been  so  long  quiescent.  And, 
as  the  elevatory  tendencies  gradually  gathered  strength  and  force,  and 
finally  overcame  the  prolonged  downward  movements,  so  we  find 
the  volcanic  outbursts  increasing  in  number  and  violence.  Till  at 
last,  at  the  very  period  when  we  detect  in  the  whole  Alpine  system 
unmistakable  evidences  of  upheaving  movements  on  the  most 
stupendous  scale,  we  also  observe  in  the  whole  of  the  surrounding 
areas  the  clearest  proof  that  volcanic  outbursts  of  the  most  tre- 
mendous violence  were  taking  place  contemporaneously,  and  build- 
ing up  cones  of  prodigious  dimensions.  Finally,  when  towards  the 
dose  of  the  Miocene,  and  through  the  long  periods  of  the  Pliocene 
on  to  the  present  day,  the  movements  of  the  central  Alpine  masses 
became  less  rapid  and  violent,  we  find  the  volcanic  man\C^ta.t.v^\i% 
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in  the  aurroundiug  areas  simultaneously  deoUning  in  energy,  the 
viist  oeutntl  volcitnos  becomiog  extinct,  and  the  dying  igueoiis  foroes 
on\y  making  tkeuiaelvea  felt  in  long  tzuina  of  "pwys,"  and  finsJly  in 
hot  HjiringB  and  gaseous  exhalations.  But  the  valcanic  oouimotion 
ai'ound  the  Alpino  syBtem  lias  not  yet  wholly  subsided,  and  it  may 
bo  regarded  as  almost  equally  certain  that  the  oscillatory  tnovemenU 
of  the  central  mnuatain  massos  are  not  even  yet  altogethev  exhausted. 

We  liava  seen  how  the  Sret  exisieooe  of  a  line  of  weakness  in  tie 
earth's  crust,  alonf;  what  was  to  be  the  site  of  the  future  Alpine 
chain,  was  betrayed  by  the  volcanic  outbursts  of  the  Permian  and 
Triassio  periods.  It  might  at  first  sight  appear  that  the  renewal  of 
volcanic  violence  in  the  middle  of  the  Tertiary  period  wonid  take 
place  on  the  same  line.  But  when  we  reflect  on  the  enormous 
thickening  of  the  crust  which  had  been  effected  along  tVis  line. 
owing  to  the  formation  of  the  geDsynclinal  and  the  accumuUlion  of 
such  an  euorniuus  mass  of  sedimeats.  as  well  ns  on  the  strengthening 
of  (hat  part  of  it  by  ite  being  crumpled  together  and  converted  into 
crystalline  rock,  it  will  he  clear  that  the  lines  of  weakness  liable  to 
yield  to  the  volcanio  forces,  and  eo  lo  produce  eruptive  fiasureB,  will 
no  longer  he  situated  in  the  axis  of  the  «yncIi'non'u»i  (as  Dana  calls 
the  crushed  sod  uphwtving  geotyneU'nal),  but  rather  at  lines  of  junc- 
tion of  this  thickened  and  strengthened  mass  with  the  surrounding 
normally  developed  series  of  stratified  rooks. 

Now  it  is  just  at  such  points,  and  indeed  all  amund  the  oentral 
niftsstti  of  the  Alps,  and  of  its  several  ramifying  chaiiit;.  that  the 
volcanic  action  of  which  we  have  sptAen  has  been  manifested.  It 
would  require  a  treatise  to  describe  the  varying  masifestatioM,  the 
history  of  the  gradual  appearance,  of  the  attoinment  of  its  gnmd 
climax  of  violence,  and  of  the  slow  decline  and  gradnal  extinctiou  of 
this  belt  of  fire  which  surrounded  the  Alpine  system  duriHg  the 
period  of  its  great  and  final  stage  of  upheaval.  In  the  oomduding 
chapter  of  this  seri«8  we  shall  nut  be  able  to  attempt  more  than  to 
sketch  in  its  barest  outlines  the  main  features  of  this  resaarkable 
history. 

On  one  point,  however,  we  turn  to  this  history  with  particular 
interest,  for  in  it,  if  anywbere,  thegeoiogiat  may  perhaps  hope  to  find 
the  solution  of  a  problem  of  the  highest  importance.  I  allude  to  the 
question  as  to  what  are  the  characters  of  the  initiatory  stages  of  the 
manifestations  of  volcaHio  violence  in  a  district.  The  age  of  man,  or 
even  the  duration  of  human  history,  is  as  nothing  in  comparison 
with  those  periods  witb  which  the  geolt^ist  is  called  upon  to  deal. 
By  direct  observation  we  can  accomplish  nothing,  for  even  the 
smallest  cycles  of  geological  change  are  not  «ompleted  within  the 
periods  dealt  with  by  our  limited  experience  or  ooutracted  records. 
Doubtless  in  socne  parts  of  the  globe  the  seeds  of  tlie  volcanic 
disease  in  the  earth's  crust  are  even  now  beginning  to  make  them- 
selves felt  by  premonitory  symptoms;  but  how  are  we  to  reoogniES 
these  as  such,  seeing  that  we  ^all  not  live  to  witness  the  climax  of 
the  attack?  It  is  dear  that  our  only  hope  of  learning  the  nature 
and  oharacteriatioe  of  the  first  symptoms  of  a  voloanio  outbroak  on 
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any  part  of  the  earth's  surface,  is  by  studying  the  whole  history  of 
n  volcanic  outburst  from  its  oo  in  men  cement  to  ite  close,  by  csamin- 
iug  the  record  of  the  rooks  with  the  aid  of  the  pal  icon  tolo^cal 
scheme  of  chronology.  But  here  the  investigator  finds  himself  beset 
with  another  diflicolty.  The  violent  and  destnictive  eSeota  of  the 
later  and  grander  pDrioda  of  eruption  havitig  sufficed  to  obliterate,  in 
too  many  instances,  almost  every  trace  of  the  products  of  the  earlier 
and  feebler  manifestations  of  volcanic  action. 

One  coDclusion  on  the  subject  wo  may  now,  however,  regard  as 
being  eaflicieiitly  well  established  ;  nontely,  that  the  first  appearance 
of  volcanic  action  in  a  district  is  UBUally,  if  not  always,  of  a  giadnal 
character,  and  that  it  is  preceded  by  a  series  of  phenomena,  similur  in 
cbaracler,  but  taking  place  in  a  reverse  order  to  those  which  accoin- 
pany  the  decline  of  volcanic  forces  in  any  area.  In  the  Auvergne, 
and  the  Euganeon  Hills,  in  Hni^aiy,  and  Bohemia,  and  indsed  in  all 
the  old  Tolosnio  distriota  mnonnding  th«  Alpine  ■yrtera,  w«  find 
safSoienUj  oleor  proofa  that  tbs  eloM  of  tin  long  period  of  the  oeaaa- 
tion  of  Toloanio  violenoe  in  the  aiea  wis  henlded  by  the  appearanee 
of  epringB  oontaiaiog  large  qnaottitiee  of  earbonio  aoid,  or  holdin|; 
nlios  and  other  aabetanoea  in  solution ;  then  of  rimilar  ipringe  wi£ 
an  elevated  temperature,  and  of  Munws  of  heated  vapour  and  acid 
gases ;  eventoally  actual  fissures  were  formed,  giving  rise  to  the 
formation  of  cinder-oones  and  Java-streams  of  inaignifioant  dimen- 
sions (like  "the  puys")  ;  till,  gathering  freeh  force,  the  igneona 
activity  was  in  the  end  equal  to  the  task  of  building  np  the  largest 
volcanic  cones,  and  these  became  the  seats  of  paroxysmal  or  long* 
continued  outbursts  on  the  grandest  scale.  Such  a  history  appears 
to  belong  to  all  the  centres  of  volcanic  forces  aroond  the  Alpine 
system,  from  the  first  premonitory  symptoms  in  the  Oligooene  to 
their  climax  in  the  Miooene. 

In  the  present  chapter  we  have  had  such  freqaent  oooasioo  to 
speak  of  the  tremendous  efforts  of  elevatory  or  ignaona  forces,  that 
'we  may  possibly  be  misunderstood  as  referring  the  actual  form» 
of  mountain  masses  to  such  causes.  Nothing  oould,  however,  be 
possibly  further  from  our  intention.  The  existing  surfaces  of  the 
Alps  we  regard  as  being  entirely  the  result  of  the  scnlptaring  action 
of  denuding  forces.  In  three  different  ways,  however,  have  the  sub- 
terranean forces  contributed  towards  the  formation  of  this  and  other 
great  mountain  systems.  Firtt,  by  leading  to  the  almormal  thickening 
of  the  earth's  crust  along  a  oertain  line.  SecondJy,  by  folding  and 
cmmpling  together  this  thickened  mass,  and  producing  from  it  a 
crystalline  axis,  capable  of  withstanding  the  acdon  of  denuding 
foroee  to  a  much  greater  extent  than  the  surrounding  unaltered 
masses.  Thirdly,  by  elevating  the  masses  into  regions  of  the  atmo- 
sphere in  which  the  destructive  effects  of  moisture,  frost  and  heat, 
and  the  transporting  powers  of  water  and  ice  act  with  their  maximum 
intensity.  That  during  the  great  movements,  lines  of  weakness  have 
been  produced,  and  fresh  lines  of  drainage  originated  or  old  ones 
modified,  and  thus  the  action  of  denudation  greatly  controlled,  we 
are  far  from  denying;  but  we  regard  all  these  aotiona  as  «K«TCiai&^ 
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only  a.  Bubordinate  effect  in  producing  the  actual  forma  of  tlie  Alpine 
nrneseB- 

Of  the  Inat  gratid  elovaliou  of  the  masses  of  crumpled  and  cryata!- 
liBed  Becliraeuts,  out  of  wliich  tiie  Algjiae  peaks  and  valleys  have  been 
Bciilptured,  we  ha^ve  apparently  a  etriking  proof  in  the  former  pre- 
valence of  glaciers  of  enormous  extent,  descending  from  them  into 
the  plains  around.  Some  liave  eeen  in  these  indications  only  the 
evidences  of  a  former  period  of  intense  cold,  or  even  of  a  siicceMion 
of  such  periods.  Bui  if  we  consider  that  one  of  the  main  requirements 
for  the  production  of  vast  glaciers  is  the  existence  of  a  large  area  of 
precipitation  above  the  snow-line  of  the  district,  we  shall  be  led  to 
conclude  that  the  upheaval  of  the  gigantic  Alpine  masses  during  the 
Miocene  would  be  just  such  a  cause  as  would  produce  the  phenomena 
in  question.  And  as  the  broad  ridge  was  gradually  eaten  away  on 
either  side,  in  the  maimer  eo  gi-aphically  described  by  Dr.  Hector  as 
having  taken  place  in  New  Zealand — atmosphcrio  forces  crumbling 
the  storm-beaten  rocks,  while  the  ever- descending  glacier  bore  the 
detritus  into  the  valleys,  thus  constantly  exposing  fresh  surfaces — 
the  great  continuons  plateau  would  gradually  be  broken  up  and 
assume  the  form  of  isolated  peaks  and  ridges,  separated  by  valleys. 
Finally,  as  the  gathering  grounds  of  the  Alpine  anowa  were  gradu- 
ally reduced  in  extent,  the  glaciers  which  they  fed  would  also  be 
diminished,  and  the  transporting  power  of  running  water  be  sub- 
sliliited  for  that  of  moving  ice. 

The  deposits  on  the  lower  lying  tracts  around  the  Alps  certainly 
point  rather  to  the  existence  of  a  tropical  or  sub-tropical  district  into 
which  glaciers  bearing  transported  blocks  were  protruded,  owing  to 
the  existence  of  a  large  ai'ca  in  the  vicinity  above  the  snow-line, 
than  to  that  constant  change  of  temperature  of  the  whole  hemisphere, 
which  some  have  argued  for,  but  which  is  negatived  by  bo  much 
palffiOQiological  evidence.  The  great  point  which  is  constantly  lost 
sight  of  by  these  theorists  is  that  the  exittenee  of  glacial  condt'lioni 
i$  no  proof  whatever  of  a  redueed  temperalure  tn  a  distriel,  but  only 
of  the  presence  in  the  neighbourhood  of  a  large  extent  of  land 
subject  to  great  precipitation  of  moisture  above  the  snow-line. 
In  New  Zealand  and  South  America  the  rocks  are  being  scored  and 
striated,  and  accumulations  of  glacial  detritus  are  being  formed 
in  the  midst  of  a  district  covered  with  tree-ferns  and  surrounded 
by  a  tropical  or  sub-tropical  fauna  and  Sora ;  and  in  the  Jurassic 
period  a  similar  state  of  things  prevailed  in  our  own  islands.  That 
the  peculiarities  of  the  deposits  of  the  Miocene  and  subsequent 
periods  which  surround  the  Alps  are  much  more  easily  accounted 
for  by  the  phenomena  we  have  alluded  to,  rather  than  by  invoking 
the  aid  of  great  secular  changes  in  the  climate  of  the  globe,  due  to 
very  questionable  astronomical  causes,  most  geologists  will  be  pre- 
pared to  admit ;  though  of  course  changes  of  climate  due  to  Ibo 
different  distribution  of  land  and  water,  and  perhaps  bIbo  to  other 
causes  less  perfectly  understood,  would  certainly  have  had  a  place 
in  (he  Alpine  as  well  as  in  other  districts. 
That  the  earth's  orust  presents  evidence,-  as  Prof.  Suess  baa  so  well 
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shown,  of  largo  areas  which  during  long  geological  periods  have  been 
subjected  to  similar  movementa — which  tracts  are,  however,  separated 
by  lines  of  weakness — few  geologista  will  now  be  prepared  to  dis- 
pute. And  il  is  to  the  efforts  of  nature  to  repair  these  lines  of  weiik- 
ness  that  the  forraatioa  of  mountain  chains  must  be  referred.  The 
mass  of  folded,  crumpled  and  crystallized  rocka  formed  out  of  the 
abnormally  thickened  atrafa  may  indeed  he  compared  to  the  cicatris 
produced  by  the  repiirulivo  viUl  nclionH  around  ft  severe  wnuiid  ; 
and  we  may  perhaps  go  a  step  further,  and  r^ard  the  volconio 
ejeotions  arontid  it  as  aquivKlent  to  the  rapparation  and  disobarge 
which  aooompantee  the  determiQation  of  the  vital  energy  towai^ 
the  injured  part  Hay  we  not  even  consider  this  power  of  repairing 
external  injuries  as  sot  less  essential  to  the  ooatinued  existenoe  of 
tbe  globe,  than  it  is  to  the  life  of  the  orguiized  beings  wUoh  exist 
DpoQ  its  imriaoe  ? 


II. — loi  AMD  l0»-WOBK  ni  NBWfOiniM.AlID. 

B7  Josh  Uiuni,  F.O.B., 

ProfnK>r  of  Qeology  in  the  Imperial  Mining  CoUe^,  Tokd,  Japan. 

{Gmlinued/rim  tAt  Julu  NunAtr,  p.  308.) 

A$pect  of  JTew/oundland — It  has  been  suggested  that  the  so-called 
glacial  effects  which  are  universally  seen  in  temperate,  and  even  in 
tropical  regions,  may  in  many  oases  have  been  due  to  an  ocean  on 
which  great  icebergs  floated.  These,  as  they  moved  from  point  to 
point  (like  buge  pepper-oastors),  strewed  broadcast  boulders  and 
detrital  matter,  such  as  are  now  to  be  seen  over  an  area  like  that  of 
Russia  and  parts  of  North  America.  The  effect  of  tbe  force  of 
impact  of  these  tremendous  masses  has  also  been  dwelt  on,  and  tbe 
way  in  which  they  could  grind,  smooth  down,  or  rub  up  the  surface 
of  a  submerged  area,  has  also  often  been  referred  to. 

Should  the  area  thus  aoted  on  be  a  rising  one,  on  its  emergence  it 
may  show  definitely  tbe  characters  that  have  been  impressed  npon 
it,  and  these  perhaps  may  in  some  respects  be  analogous  to  those 
produced  by  land  ioe.  In  the  explanation  of  the  superficial  aspects 
of  a  country  from  some  such  considerations  as  these,  one  man 
may  take  his  stand  npon  a  glacier,  and  another  upon  an  iceberg. 
An  iceberg  theory  has  been  advanced  in  the  case  of  Newfoundland 
as  an  explanation  of  the  physical  features  of  the  island  (see  Quart 
Joum.  Geol.  Soo.,  1874,  vol.  xxx.  p.  722).  Prom  the  numerous 
raised  beaches  containing  T/L^a  arenaria  and  other  Atlantic  species 
still  living  in  tbe  surrounding  seas,  Newfoundland  appears  to  have 
risen  in  later  geological  tiroes.  The  island  itself,  its  principal  bays, 
its  mountains,  its  lakes  and  rivers,  its  tines  of  igneous  protrusions, 
it«  ice-grooves  and  scratches,  and  the  general  strike  of  the  rocks, 
which,  as  was  shown  by  Jukes,  may  in  part  account  for  the 
tendencies  of  tbe  other  features,  have  all  been  shown  to  trend  from 
about  27°  E.  of  North  to  27°  W.  of  South. 

These  curious  coincidences  were  in  part  explained  by  supposing 
Newfoundland  as  a  rising  area  submerged  SOOO  foct  \)Ka.««.'Oa.  \\& 
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proKent  level,  and  some  denuding  agent  like  the  preeent  Arctio 
current  with  its  load  of  ioebergs  paBsing  over  it  Thie  theory,  I 
believe,  is  looked  upon  as  being  considerably  slrengthened  by  ob- 
flervatioiis  over  a  lai^  part  of  Nortb-eaat  Americti,  With  regard  to 
the  Newfoundland  portion  of  the  Weatern  Continent,  I  wish  to  show 
that  it  t3  not  bo  clearly  to  be  demonstrated. 

After  watching  several  icebergs  grounding,  it  appears  to  me  that 
they  would  t«tid  to  give  anything  but  a  parallelisio  in  their  abrading 

An  iceberg  aground  slowly  lurcheB  and  rolls,  and  turns  Irom  side 
to  side,  as  it  is  differently  afTected  by  the  wind,  the  tide,  or  a  cur- 
rent, evidently  tearing  up  and  grinding  in  several  directions  ttie 
BtraU  on  which  it  restii. 

To  conceive  the  method  in  which  ioebergs  acted  to  form  the 
"paraileliBm  of  features,"  ns  seen  in  Newfoundland,  a  picture  mast 
be  drawn,  which  I  aoi  afraid  will  hardly  be  taken  as  the  tnie  one. 
As  the  island  rises,  the  lines  of  Talleys  and  of  the  hille  have  been 
formt^d,  and  along  these  troughs,  and  by  the  ridges,  the  icebergs 
pass.  This  initial  direction  may,  amongst  other  causes,  be  due  to 
the  configuration  of  pre-existing  land,  to  the  general  direction  in 
■which  detrital  matter  is  strewn  by  an  ocean  current.  Whilst  the 
land  is  still  beneath  the  surface  of  the  water,  we  must  iia^n«  these 
huge  islands  of  ice  tripping  along  from  hill-top  to  bill-top,  some- 
times just  grazing  the  sides  of  a  submerged  valley,  and  eometimes 
scouring  the  aiirfiice  of  a  hill,  like  bntterflies  before  a  breeze  whioli 
try  to  stop  at  every  tempting  flower. 

That  they  may  have  scattered  the  boulders  which  are  to  be  found 
in  most  parts  covering  Newfoundland  does  not  appear  to  be  so  great 
an  impossibility  as  that  they  were  the  originators  of  the  parallelisms ; 
but  even  these,  from  the  observations  made  by  myself  and  my  com- 
panion, the  late  Mr.  T.  G.  B.  Lloyd.  F.G.S.,  during  the  summer  of 
1S74,  it  appears  to  me  that  they  might  be  ascribed  to  another  origin. 

Ice-Markt  in  Newfoundland. — On  the  eastern  coast  of  Newfound- 
land, from  the  extreme  South  to  Kirpon  on  the  North,  a  distanoe  of 
300  miles,  bouldere  and  other  indications  of  ice-action  are  to  be  seen 
in  most  parts  :  reference  to  them  has  been  made  in  the  Quart.  Jonm. 
Geol.  Soc.,  London,  1874,  vol.  xxx.,  p.  725.  Near  St.  John's,  ioe- 
grooves  and  scratehes  are  to  be  seen  up  to  considerable  heights, 
whilst  drift  with  well-marked  stones  cover  the  country.  The  narrow 
neck  of  land  that  separates  the  Bays  of  Trinity  and  Plaoentia  afibrds 
considerable  evidence  of  ice-work.  Standing  on  the  water-parting 
which  divides  the  streams  into  one  of  these  l»ys  from  those  entering 
the  other,  the  contour  of  the  country,  which  is  typical  of  many 
other  parts  of  Newfoundland,  may  easily  be  viewed.  All  around  is 
a  rough  brown  surface  of  berry-bearing  bushes  and  stunted  spruce, 
dotted  here  and  there,  over  which  there  are  sn>a]1  soft  green  marshes. 
Tliese  latter  generally  form  the  border  to  many  a  quiet  pool,  the  dark 
surface  of  which  seems  only  to  be  made  ae  a  reflector  for  a  passing 
cloud  or  some  bare  ice-marked  hummock,  a  few  of  which  rise  here 
and  there,  fonning  uadulatiuDB  in  tits  eurrouading  level.     In  such 
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pLacee  aa  this  the  riven  of  Newfoandland  have  their  souroe> 
liOokiDg  dowM  the  valley  towards  one  of  the  bajra,  year  eye  wanden 
over  a  iat-topped  expanse  of  spraoe  and  other  tmderwoed,  through 
which  a  fbw  acattered  piae-treee  aometiaea  lift  their  heads.  To  the 
right  and  left  of  tius  dark  man  of  stunted  nadarwood  ttiere  is  a 
line  of  scatp-faoed  bills,  whtOk  look  as  tbou^  tbey  ini^t  onoe  have 
been  fbedera  of  moraine  (o  a  glaoier  which,  as  it  slowly  pressed 
ita^  downwaidfl,  ground  ^ainat  their  aides.  Above  the  cdiffs  along 
the  sky-line  of  the  Bills,  «  few  large  botddera  are  distinctly  visible^ 
On  oliinbing  to  the  top  of  tbeae  hills,  yon  would  aee  beneath  jom 
feet  a  chain  of  lakes  aad  pomda  dotted  iu  amoagst  the  trees.  Each 
of  tfkese  weald  have  its  friBeimg  of  gresB  marsh,  serosa  which  a 
dark  line  showing  the  faamided  path  of  the  waorfering  '  (lanboo ' 
wonld  be  well  mailed.  Conneoting  these  lakes  in  tbair  upper 
portions  ate  a  aeries  of  rapids  and  small  waterfalls ;  whilst  lowir 
dowa,  as  we  approaoh  We  tideway,  there  are  often  long  ■  reaches '  of 
steady  water.  Farther  n<»ih,  similar  signs  sra  visible, — in  Bona- 
vista  Bay,  in  Oreen  Boy,  and  in  mat\y  others. 

In  Green  Buj',  or,  as  it  \s  sometimes  called,  "the  Bay  of  Notre 
Djime,"  on  the  highlanils  above  Belt's  Cove,  the  country,  for  many 
miles  in  extent,  is  thickly  strewn  with  boulders. 

The  climb  up  to  this  boulder-lond  (which  on  the  side  next  the  sea 
forma  st^epclifis)  is  aprecipitous  onci  od  reaching  the  top  you  are  on 
a  browu-looking  country  in  the  main  uailulating  as  if  ice-worn.  In 
the  depressioiis  there  are  either  Bmnll  ponds  or  marehea,  which  are 
bounded  by  bare  bummocks.  Sometimes  a  small  cliff-like  scarp 
looks  down  upon  you  from  still  higher  groiiuU.  The  boulders  are 
strewn  everywhere,  but  more  particularly  upon  the  highest  ground, 
and  often  upon  extreme  points.  Several  boulders  wore  so  perched  on 
two  points  that  they  formed  on  archway  beneath,  which  could  be 
seen  at  a  distance  of  several  miles.  In  another  case  one  boulder  was 
seen  resting  upon  another.  In  form  they  were  sub-angular.  Frag- 
ments were  taken  from  these,  and  also  from  boulders  in  several  other 
districts,  and,  so  far  as  my  examinatiou  went,  I  found  that,  if  not 
represented  by  the  rock  of  the  surrounding  country,  tbey  had 
representatives  further  west,  and  this  generally  in  the  Lanrentian 
granites.  Mr.  Alexander  Murray,  F.G.S.,  of  the  Qeologiool  Survey, 
bos  made  the  same  obaervatiou.  New  if  these  boulders  had  been 
deposited  by  Icebergs,  this  portion  of  Newfoundland  must  at  the  very 
least  have  been  lOQO  feet  lower  than  it  stands  at  present.  During 
the  time  of  its  elevatiou,  and  especially  at  the  time  of  its  emergence, 
these  boulders  must  have  been  subjected  to  a  eonsideraUe  amount  of 
rough  usage,  and  have  received  many  rolls.  If  they  were  protected 
by  a  covering  of  drift,  which,  to  secure  them  frora  the  action  of  the 
sea,  must  have  been  many  hnndreds  of  feet  in  thickness,  then  the 
aurfooe-oonfign ration  of  the  country  might  be  difficult  to  be  accounted 
for.  Bough  treatment,  such  as  boulders  receive  upon  a  beach,  would 
hardly  have  reliequished  them  in  t^^r  present  subaugnlar  condition, 
Dor  would  it  have  left  tbem  upen  tke  highest  ridgea,  or  poised  them 
them  vpoii  a  peak,  or  perched  them  one  upon  anothQi.  On  ^Vi»  ^^^\ 
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band,  I  think  it  wovild  nlfaer  hsre  teaiei  to  smootbeB  them  down 
«i»d  depont  tfaem  in  heaped  taatmioix  in  the  v&ll^yft.  aiul  tbej-  woaM 
pttAMbly,  in  tliat  caae,  Imtb  beea  derired  from  the  Korth-East  nther 
thaa  &t>n  the  Weat,  aa  dwj  Been  to  indiotei.  Let  alone  the 
■lecbankal  fitreea,  which  are  ooastanllj  at  work  apon  a  beach,  tba 
DiAnarf  pioctwca  erf'  diiintegnlioB.  the  rvsalt  of  auboerial  ootiiiitioiiB 
niiat  ha**  axmrnsed  oongidetKhle  iBfloenoa  daring  the  afi^  tliat 
have  ela|)aed,  whilst  the  Uad  was  rini^  to  its  present  elevatioit,  and 
thia  eapeeiall;  opon  mx^  sort  rocks  as  serpenliiie.  of  which  mnay  «( 
Iheaa  eoatiaB  oooBiat.  8aA  bonlden  as  these  seem  to  point  to  anolher 
origin  radwr  Ifaaa  to  that  of  a  eea  fnll  of  iceberg. 

Further  to  the  oorlh  the  aame  circnmstances  are  here  and  there 
presented.  Sailing  ap  the  long  straight  shore  of  White  Bay,  a  line  of 
hills,  whose  topmost  beights  are  fringed  with  boulders,  are  seen 
trending  awaj  before  yon  to  the  northward,  until  their  escarpment 
wliich  faces  the  Allantic  grows  dim,  and  is  lost  to  view  in  the  distance. 
Afler  the  red  cliffs  of  Conche  (which  are  almost  the  only  fmgment  of 
Devonian  Shale  in  Newfoundland)  hitve  been  passed,  Kirpon,  the 
most  northern  Beltlement  in  the  island,  b  renched.  Boulders  are  to 
be  found  here,  and  some  of  them  of  immense  eiee. 

Weittm  Nea/oundtand. — After  leaving  Kirpon,  we  (lase  tha 
northern  end  of  the  long  range  of  grunitic  hills,  running  parallel 
with  the  western  coast,  forming  the  great  bockbono  of  the  country, 
and  which  give  to  it,  in  some  respects,  a  contour  not  nnlike  that  of 
Arabia,  the  slope  leading  to  the  eastern  coast  being  flat  and  long, 
whilst  that  to  the  west  is  short  and  steep. 

On  the  eastern  side,  from  what  I  have  already  stated,  it  will  be 
seen  that  boulders  often  form  a  prominent  feature  in  the  landscape, 
but  on  the  west  they  have  hitherto  been  found  to  be  wanting.  Last 
year  (1874),  however,  I  found  them  at  several  places,  especially  in 
Louis  Hills.  They  all  seemed  to  point  to  the  Laurentian  backbone 
for  their  origin.  Roches  moutonnees  are  not  so  prominent  upon  the 
west  as  they  are  upon  the  east,  but  scmtchings  and  groovings  along 
the  shore  (which  will  be  spoken  of  hereafter  under  the  head  of 
Coaat-Ice)  are  common  everywhere.' 

Drift.— la  addition  to  all  these  evidences  of  ice-work  seen  in  the 
shape  of  boulders  and  scratched  rock  surfaces,  we  have  here  un<l 
there  patched  over  the  country  large  deposits  of  drift  filled  with 
regularly  striated  rock -fragments. 

in  the  neighbourhood  of  St.  John's  the  drift- covering  is  noticeably 
full  of  such  stones.  Similar  material  covering  the  country  may  also 
be  seen  in  many  other  parts  of  the  Avalon  peninsula,  where  wo 

'  Many  of  the  effecta  of  ice  now  se«a  in  Nova  Scotia  are  described  by  DawMin  in 
bi»  "  Acadian  GeoloBj,"  p.  64,  tl  trq.,  aa  resembling  those  now  produced  by  fro«t 
and  floating  ice.  Blocks  of  stone  are  shown  to  hsTB  trai-elled  tram  eleiation  to 
elevation,  across  valleys  which  may  have  been  accomplished  hj  ice. floes  or  berg«. 
Other  bloclia  again  are  shown  to  have  travelled  from  low  plains  to  the  summit  of 
hills,  whicli  is  eiplaiiied  on  the  supposition  that  the  land  at  the  time  of  their  deposit 
being  slowly  subsiding,  and  the  ice-flelds  of  successive  yean  raising  them  higher  and 
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Lave  good  eectiooB  of  an  unatratified  cliyey  bnae,  containing  both 
peblilea  and  bouldere. 

Further  to  the  north  Mr.  Murray  has  observed  these  Buperficial 
deposits  oocurrino;  on  a  mnoh  larger  scale.  In  Little  Bay,  near 
Terra  Nova  Mine,  be  has  noted  deposits  consisting  of  "  probably 
fifty  or  sixty  feet  of  etratifiod  clay,  gravel,  and  sand  containing 
modem  marine  shells  at  the  height  of  about  40  feet  above  high- 
water  mark." 

In  Hftll's  Bay,  up  Indian  Brook,  he  also  noted  stratified  deporita 
of  clay,  "  wbiob  is  Bometimes  of  a  reddish  and  sometimeB  of  a  drab 
or  bluish  colour."  Althoagb  these  stratified  depositu  appear  to  show 
a  divergenoe  from  what  has  hitherto  been  observed  by  Faokaid  and 
others  in  the  neighbouring  mainland  of  Labrador,  they  show  oon< 
siderable  relation  and  similarity  to  observationB  whiob  have  been 
made  further  up  the  valley  of  the  St.  Lawrenoe  in  Canada.  It 
would  seem  that  at  no  very  remote  period  Newfoundland  boa  been 
almost  if  not  entirely  subjected  to  tbe  aoHon  of  ioe.  To  this  faot 
the  ronndod  hills,  the  baain-sbaped  hollows,  the  scored  rooks,  th» 
erratic  blocks  and  the  immense  coverings  of  drift,  all  bear  testi- 
mony; but  the  mode  in  whiob  all  these  phenomena  have  been 
brought  about  is  a  matter  so  speculative  that  I  shall  refrain  from 
doing  more  than  indicating  a  possible  manner  in  which  tbey  may 
have  occurred,  rather  than  attempting  to  give  any  definite  solution  to 
such  an  obscure  enigma. 

Coitdusions.  —  The  general  oonclusions  wbioh  might  appear 
uatnrally  to  result  from  a  consideration  of  observations  made  by 
myself  during  two  suromers  truvetling  in  the  island,  and  also  those 
made  by  other  geologists,  are  as  follows  : — 

If  Newfoundland  has  been  steadily  rising  during  past  ages,  as  it 
now  appears  to  bare  done  at  no  very  remote  geological  period,  it  may 
have  been  beneath  tbe  surface  of  the  ocean.  During  tbe  period 
when  it  was  undergoing  elevation,  no  doubt  a  considerable  amount 
of  debris  and  boulders  were  dropped  by  icebergs  over  its  sarfaoe 
when  the  Laureutian  backbone,  which  would  be  the  first  land  to 
emei^,  reached  tbe  surface,  it  formed  a  barrier  for  tbe  ooast-ice 
which  would  carry  its  load  of  boulders  «od  strew  them  with  those 
of  the  bei^  This  latter,  as  will  hereafter  be  shown,  might  to 
some  degree  have  been  influential  in  giving  a  definite  character  to 
tbe  rising  area.  Aft«r  the  final  emergence  the  climate  of  New- 
foundland might  still  have  been  a  cold  one,  and  tbe  same  highlands 
which  gave  birth  to  coast-ice,  probably  next  gave  birth  to  glaciers 
which  scooped  and  hollowed  out  a  great  portion  of  the  remaining 
marine  drift,  and  left  tlie  island  with  its  present  contour.  After  the 
raising  of  the  great  North-East  and  South-East  rang»s,  firrt  coast- 
ice  flowed  East  and  West,  and  afterwards  tbe  glaciers  followed  iu 
a  similar  direction,  and  thus  perhaps  the  origin  of  the  boulders,  those 
which  are  soouriously  perched  being  due  rather  to  the  latter  than 
to  tbe  former.  Thus  it  would  seem  that  icebergs  and  ooast-ioe  pre- 
ceded glaciers,  but  to  say  wbai  might  have  come  before  tbe  former 
of  these  agents,  would  only  be  diving  deeper  into  the  depths  of  a 
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iU^pory  ftroAil,  ri^;  ivaribf  t^mppimf,  n-^nmmemltd.  Immt  or 

14.  HoxoasArrrs  Hnisecu,  Carrntben.     Plato  XII.  Figs,  la-/ 
PriMiohtf  MgiOarina,  HuiBger ;  LetbcM  Swciea,  pL  SS,  fig.  6. 
MoMograptnt  tagiltarits,  Geioitz;  Die  GraptolitlKti,  T^f.  iL  figs. 
2.  3.  4.  &,  21.      Bichter,   Z^itschrift  d.  Dentacli.  Gesollsob. 
185.^.  Tat  lii.  fig.  19. 
Graplolitet  GrUttoneiuU,  Niool ;  Quart  Jonm.  G«oL  Soc  vol. 
TLp.  64. 
Polypory  four  or  five  incbes  in  lengtli.  stnigfat  or  rerj  riiglitly 
curved,  attaining  a  maximum  diameter  of  one-twelftb  of  an  inch. 
Hydrothecs  Bbort  and  broad  cap«,  Tith  aobqaadrangnlar  aectioD, 
20  to  24  to  tbe  inch,  witbont  overlap,  inclined  at  an  an^le  of  about 
45°;  outer  edge  convex  distallj,  proximally  impressed;  apertonl 
margin  deep,  ooncave,  at  Hgbt  angles  to  tbe  general  direction  of  tbe 
theca  ;  denticle  triangalar  and  inornate. 

1'he  sicula  in  this  species  ia  abort  and  broad,  and  the  proximal 
portion  of  polypary  is  conaeqaentlj  very  abrupt.  The  polyparj 
itaelf  is  nsnally  quite  straigbt  Ibronghont  tbe  whole  of  it«  extent,  bat 
Bometimea  there  is  a  decided  ventral  curvature.  The  bydrotheoe 
afford  the  best  characteristic  of  the  gp«cieB  ;  they  si-e  bbort  and  broad 
cupn,  Bacculate  distally  and  proximally  comprensed,  with  a  broad 
concave  or  straight  apertural  margin,  which  as  a  rule  is  placed  per- 
pendicular to  the  general  direction  of  the  theca.  The  sharply  im- 
pressed proximal  moiety  of  the  outer  edge  forms  a  broad  excavation, 
the  deep  apertural  margin  occupying  nearly  half  tbe  transverse 
diameter  of  the  polypary.  This  hollow  is  so  stroTigly  marked,  that 
in  some  views  the  veiitral  margin  appears  as  if  it  were  cut  into  a 
series  of  deep  notches.  An  example  of  thia  nature  seems  to  have 
been  the  original  foundation  for  Nicol's  dexcriplion  and  figure  of  bis 
Oraplolilei  Uriettonevtit  {he.  cit.  lapra).  The  denticle  is  sometime! 
ornamented  witb  a  very  minute  spine,  which  is  slightly  inclined. 
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This  is  the  only  Scottish  form  that  oan  be  referred  to  the  Prionotw 
lagiUaritu  of  Hiiinger  (Lithaa  Sveeica,  pL  88,  fig.  7),  It  agreea 
with  his  Bpeoies  in  the  oonTezity  of  the  outer  edge  of  the  theoa,  and 
in  the  ooooavity  «i>d  obUquit;  of  the  apert4u^  laKrein*  (Comp. 
Plate  Xn.  Fig.  1  *) 

LoeaUfy. — Bare  in  the  QaU  Gro«p  at  Oriestoq,  Bnwdmaadows, 
Olendearg,  Paokman'a  Bam,  etc.,  and  )n  the  Biooarton  Beds  at  Riocar- 
too,  Edgenton,  eto; 

Var.  (a.)  jaouuhi,  Lapw.    JHate  XII  Figi.  2  t^-d. 

Polypary  similar  in  form  to  that  of  M.  Sisingeri.  Hydrothecm 
overlapping  each  other  for  half  their  length,  inclined  at  an  angle  of 
from  30*"  to  Z5°  ;  narrow,  with  direct  margins  and  expanded  apertnra, 
the  edge  of  which  is  at  right  angles  with  the  ■sirgula,  and  originates 
a  conspicuons  aoutangular  denticle. 

In  the  great  majority  of  instances  the  polypary  in  this  form 
ap]>ears  to  he  quite  straight  throughout  the  whole  of  its  length,  which 
frequentiy  exceeds  ten  inches.  There  is,  in  reality,  however,  a  alight 
dorsal  curvature,  jnst  BufKoient  to  enable  us  to  recognize  the  fact 
that  the  hydrothecte  are  placed  upon  the  concave  margin. 

The  hjdrotheciB  are  conical  tubes,  compressed  below  and  having 
an  expanded  orifice,  the  »dge  of  which,  instead  of  being  placed  at 
right  angles  to  the  general  direction  of  the  theca,  aa  in  moBt  Mvno- 
grapli,  is  perpendicular  to  the  virgula.  The  outer  edge  of  the 
theca  being  stmight,  the  denticle  is  necessarily  aoutangular  in  form, 
and  is  remarkably  conspicuous.  In  specimens  preserved  in  half- 
relief,  the  theoa>  are  seen  to  overlap  one  aiwtber  for  half  theirleiifjth 
— the  point  of  origin  of  each  lying  precisely  opposite  the  centre  of 
the  theca  immediately  preceding.  In  casts  of  the  interior  in  iron 
pyrites,  the  groove  in  the  cast  formed  by  the  separating  walls  is 
carried  outwards  to  the  virgula,  and  we  have  the  fallacious  appearance 
of  even  a  far  larger  amount  of  overlap. 

The  most  common  appearance  presented  by  this  species  is  that 
given  in  Fig.  2c,  the  hydrothecce  being  compressed  in  such  a  manner 
that  the  apertural  margin  of  each  stretohes  half'way  across  the  body 
of  the  periderm. 

Zrfj«i/i( J. —Confined  to  the  highest  zone  of  the  Birkhill  Shales  at 
Dohbe  Linn,  Garple,  Belcraig,  etc. 

With  rare  exceptions,  all  the  members  of  the  family  of  the 
DichograpUda  possess  hydrotbecse  which  appear  after  compression 
identioal  with  those  of  M.  Httingeri.  By  a  very  natural  error  all 
fragmentary  branches  of  species  of  that  family  have  consequently 
been  faitherto  referred  to  this  form  under  its  oommoner  title  of 
Oraplolilet  lagitlariiu.  Owing  to  the  objectionable  custom  of  deter- 
mining species  from  fragments  alone,  the  further  mistake  has  been 
committed  of  confounding  all  the  Monograpli  of  the  present  group 
under  the  same  title.  The  perplexing  confusion  which  has  been  the 
inevitable  result  of  these  erroneous  determinations  has  effectually 
prevented  the  introduction  of  correct  views  regarding  the  vertical 
distribution  of  the  various  Graptolitic  species. 
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yttlypMyfaTtB«i'ir*ii  «  l«^:  4Uri pwtioa araoial^ and 
«ilb  an  aiCTiy  fiHMtar  of  a«e  t«th  of  ■«  nm ;  npidlj  nsnow- 
iog  is  tbe  pnonal  pectioa,  wUeb  k  ciAb  liiiiiMliii  or  bnwdlj 
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Tfti*  of  the  paritem  ai  a«  ai^la  of  aibaM  9IF,  laag  HtfTOw  KAm 
with  dirtcC  laaasni^  o«vli9pi^  aadt  othar  fir  aboal  half  Hieir 
lai^lb;  Mifujn  of  ^ntira  at  right  an^lia  vitk  Ifae  genml 
dtneliaa  of  (Im  paly|mj;  £atal  dncs  nocnst^  |«DzimaI  tlwca 
laiTing  tfaeir  <leBHcl«»  pniloc^ed  into  '^'-'i"^  qMBca. 

TUa  M  tbe  obIj  Ikllj  known  ■pecite  in  the  praaeat  gnmp  in  wfaicb 
U>e  imaiMl  exttHuitj  of  the  poljpni;  la  tbaiplf  naamaA.  In 
BMt  ^adtncna  Ute  bniad  cnrratiLre  of  the  adDft  pcfftion  is  ton- 
tinned  to  tbe  denla,  bot  not  Dafreqaentl;  tbe  proximal  extremity  it, 
decidedly  ctrcrnate.  Thia  pecoliar  uurtature  is  one  of  tbe  <^ief 
cliamcteristic*  of  the  species. 

In  the  diatal  portioD  of  ifae  polvpair  (he  Lvdrothecc  greatl; 
resemble  those  in  Mcmojr.  Jaru'ii'o.  ■wiiii  which  thev  further  agree  in 
the  amount  of  overlap,  .in  H.  '!  I'r  _'  f  ";  "  :  liion.  They  are, 
however,  sli^htlj  more  rn  'In  ihe  proximal 

.liviM^in,  on  llieutLerh'.-  _      -■   li  iuitiiedialelj 

below  the  aperture,  and  the  denticle  is  protonged  into  a  welUmnrked 
spine,  which  lies  in  the  same  plane  with  the  broad  apertural  margin. 
Pruzimal  fragmenlB  thug  approximate  in  general  appearance  to  gome 
young  examples  of  fonng  of  (be  Sedgwickii  type,  i'hese  early  Epioes 
are  only  seen  on  well-preserved  examples;  nor  do  they  seem  lo  have 
been  invariably  present,  for  compressed  epecimeng  are  often  met  with 
in  wliicli  the  proximal  portion  was  almost  filiform,  and  the  early 
hydrothecffl  of  the  type  of  those  of  if.  inlermediut,  Ctar. 

ilonograptuB  nand'its,  Barr.,  shows  the  dorcal  curvature  of  this 
specice,  but  ju<l^ng  from  BaiTande's  figure  and  diagnosis,  it  appears 
to  be  quite  distinct. 

Lotniity. — Birkbill  Shales,  at  Dobba  Linn,  Frenchlaad,  Garple, 
Bclcmig. 

IG.  MoNOOBAPTUB  LEPTOTHEOA,  Bp,  nov.    Plate  XII.  Figs.  4  <i — e. 

I'olypary  several  inches  long,  straight  distally,  and  with  an  average 
diameter  of  one-tenth  of  an  inch  ;  gradually  narrowing  in  its  pmxi- 
mnl  portion,  which  is  of  remarkable  extent,  and  has  a  slight  dorsal 
cur\-ature.  Hydrolhecaa  exceedingly  slender,  18  to  iiO  to  the  inch, 
ono-fiflh  of  an  inch  in  length,  inclined  at  an  angle  of  about  \(f,  and 
overlapping  each  other  for  three-fourlha  of  their  lenglli ;  free  por- 
tion of  each  slightly  convex ;  apertural  margin  short,  inclined, 
concave. 

For  the  first  few  inches  of  length  the  polypary  is  as  slender  as 
those  of  the  Nilmoni  group,  and  there  is  an  almost  imperceptible 
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anj^mentatioa  in  diameter  throngfaaat  tbe  whole  of  its  extent,  whiob, 
judging  from  the  fragments  known,  mnst  have  exceeded  IS  inches. 
The  curvature  in  the  earlier  moiety  is  very  slight  bat  suffioieat  to 
enable  us  to  perceive  that  the  thecn  wera  airaoged  on  the  oonvex 
margin  of  the  peridenn. 

The  firat-formed  hydrothecn,  tbongh  almost  identioal  in  shape 
with  those  OQ  the  distal  portion  of  the  polypary,  only  ovwli^  each 
other  for  about  half  their  extent.  As  the  length  inereases,  this  over- 
lap rapidly  augments,  until,  in  the  later  and  fully  developed  portion 
of  the  polypary,  the  hydrotheoffl  become  remarkably  slender  flattened 
tiibex.  one-tenth  of  an  inch  in  length,  lying  almoBt  parallel  with 
the  line  of  the  virgula.  Only  one-foarth  of  the  length  of  each  is 
free,  the  remainder  being  overlapped  by  the  preceding  theca.  £aclt 
originates  opposite  the  aperture  of  the  third  preceding  it ;  so  that  a 
transverse  section  of  the  polypary  crosses  three  hydrotheoea.  The 
free  portion  is  a  little  saoculate ;  the  exterior  margin  lies  parallel 
with  the  virgula;  aad  the  outer  orifioe  is  placed  partly  within  the 
line  of  the  ventral  edge  of  the  polypary.  The  interspace  is  very 
short  and  the  apertural  margin  shallow,  and  either  horizontal,  or,  is 
specimens  in  relief,  a  little  acute.  The  deutiole  is  generally  Gomfi> 
what  niucroaate,  but  is  otherwise  destitute  of  ornament. 

From  all  other^ornig  of  the  group,  il.  leptollieea  is  at  once  distin- 
guished by  the  form  and  length  of  its  distal  hydrothecre. 

LocQ/Zii/.— Hare  in  the  middle  zones  of  the  Birkhill  Shales  at 
Dubbe  Linn  and  Frenchland  Burn. 

17.  MoNOORAPTUS  vouEKiNUS,  Nich.     Plate  XTI.  Fig.  6  a— e. 
Graplolilhtu  colonut,  Barrande  ;  GrapL  de  Bohime,  pi.  ii.  fig.  i  ; 

Sueas,  Biihmiache  Graptolithen,  Taf.  viii.  a—/. 
Graptolites  priodon,   Nicholson;  Quart.   Joum.  Geol.  Soo.  vol. 

xxiv.  pi.  XX.  figs.  7,  8. 
Graptolites  vomerinva,  Nicholson ;  Monogr.  British  Graptolitidga, 
p.  53,  fig.  21. 
Folypary  straight,  rigid,  four  or  five  inches  in  length,  and  rapidly 
increasing  in  diameter  to  a  maximum  width  of  one-tenth  of  an  inch, 
Hydrothecfe  20  to  22  to  the  inch,  inclined  at  an  angle  of  from  30°  to 
40' ;  short  and  broad  cups,  in  contact  for  half  their  extent ;  distal 
portion  of  outer  margin   perpend  ic alar,  proximal  portion  sharply 
impressed — forming  a  deep  excavation,  and  bearing  a  short  horizontal 
mesial  spine  :  apertural  edge  short,  concave  and  QortnaUy  devoid  of 
ornament. 

I'he  polypary  in  this  species  is  a  straight,  stiff  rod,  several  inches 
in  length,  and  with  a  test  of  remarkable  thickness.  The  proximal 
end  is  abrupt,  and  the  siuula  short  and  broad.  When  preserved  in 
relief,  the  hydrothecte  may  be  likened  to  those  of  Monogr.  priodon, 
Bronn.,  truncated  immediately  at  the  point  where  they  begin  to 
isolate  themstilves.  But  the  species  to  which  it  Is  most  intimately 
allied,  is  il.  Bitingeri,  CaiT.  There  is  the  same  absence  of  over- 
lap and  the  same  short  oup-like  hydrothecte.  Tbe  latter,  however, 
differ  most  materially  in  tlie  details  of  their  form.     In  tbe  present 
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species  the  distal  moiety  of  each  ia  perpend iculnr,  wliile  the  prosira&t 
portion  is  inclined  at  an  angle  of  about  30^ — its  free  edge  being  im- 
pressed HO  as  to  form  a  deep  esoavation,  into  which  opens  the  mouth 
of  the  hydrotheca  immediately  preceding.  This  exoavation,  tim 
position  and  shape  of  the  theca,  and  that  of  the  thecal  apertare,  are 
all  identical  with  those  in  the  widely -removed  genus  Climaeograplia. 
A  further  and  most  remarkable  sitnilaiity  is  seen  in  the  presence  of 
a  filiort  stiff  spine,  which  springs  from  the  outer  margin  of  the  thecs 
at  the  angle  forming  the  distal  tenuination  of  the  excavation.  This 
ornament  (the  mesial  spine)  is  elsewhere  strictly  oonfiued  to  the 
genus  CUmaenprapttii,  Hall,  and  its  most  intimate  allies;  and  is 
unknown  among  the  Moaograpii  outside  of  the  present  species.  In 
the  adult  portion  of  the  polypary  this  spine  is  almost  horizontal ; 
but  in  the  first  half-dozen  liydrotheoffi,  it  ia  directed  partly  outwards, 
and  partly  towards  the  proximal  extremity.  The  denticle,  as  a  rule, 
is  mucronsto,  and  without  ornament,  but  oocaaionally  there  ia  a 
rudimentary  apertural  spine,  much  inclined. 

M.  ropujrinua  is  perhaps  the  best  characterized  species  in  this 
genus,  differing  from  all  others  iu  the  form  and  ornamentation  of 
the  hydrotheote. 

Loeaiitg. — Oooan  in  shnndanoe  in  the  Biooarton  Beds  at  Blliottt- 
field,  Shanbend,  Hindbope,  et«. ;  and  in  the  how^r  FentUnda  at 
Habbies  Howe. 

§T. 
Group  S.  — l^pe,  Mohooraptus  Halli,  Barr.  sp. 
Polj/pary   tlraighl,   aloul,    rigid;    bearing   tetde    overlapping    tuhiitar 
hydrotheca  milh  eperted  aperturet,  uatially  furnished  with  thort 
apertural  spines. 

18.  MoNoOBAPTVS  Halli,  Barr.     Plate  XIII.  Figs.  1  a — d. 

Oraptolithus  Halli,  Barr.-;  Grapt  de  Boh^me,  pi.  2,  figs.  12,  13. 
Monograpsttg    Sedgaickii,    Geinitz;  Die    Graplolitben,  Taf.   iii. 

figs.  'Z,  3,  4. 
Monograpsva  Balli,  Geinitz,  ibid,  figs.  5,  6,  7,  8. 

Polypary  several  inches  in  length,  straight  or  with  a  slight  dorsal 
curvature,  and  having  an  average  diameter  of  one-tenth  of  an  inch. 
Hydrotheac  short  and  broad  tubes,  with  a  subquadrata  section,  18  lo 
20  to  the  inch,  inclined  at  an  angle  of  from  50"  to  60°,  overlapping 
each  other  for  about  half  their  length,  slightly  contracting  in  the 
direction  of  the  aperture,  the  margin  of  which  is  broadly  convex, 
giving  rise  to  a  well-marked  denticle,  which  is  omamented  with  a 
stout  horizontal  Spine. 

Commencing  with  a  rapidly-expanding  proximal  portion,  the 
polypary  attains  its  normal  diameter  within  the  first  three  inches 
of  its  extent.  Both  straight  and  curved  specimens  are  common  ;  in 
the  latter  the  hydrothecie  are  arranged  upon  the  concave  margin. 
These  afford  the  distinguishing  characteristics  of  the  species.  In 
specimens  preserved  iu  relief,  they  are  seen  to  be  suhconical  in  form, 
contracting  alightly  throughout,  so  that  the  distal  portion  of  each 
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is  isolated  (Plate  XIII.  Fig.  1  d).  This  isolation  is  not  apparent  in 
flattened  specimens,  but  the  theoas  are  pressed  into  complete  contact 
with  each  other  throughout  The  margin  of  the  thecal  aperture  is 
broadly  convex,  and  there  is  usually  a  very  distinct  and  somewhat 
mammilate  denticle.  In  some  specimens  the  latter  is  far  more  acute, 
and  is  prolonged  to  a  distance  equal  to  half  the  transverse  diameter 
of  the  polypary.  It  is  almost  invariably  furnished  with  a  stiff 
horizontal  spine,  very  conspicuous.  The  convexity  of  the  apertural 
margin  is  not  so  apparent  in  examples  which  are  in  a  state  of  half- 
relief,  and  it  frequently  happens  that  the  broad  aperture  itself  is 
directly  visible,  having  been  compressed  from  above. 

The  distant,  broad  hydrothecaB^  with  their  peculiarly  shaped 
apertural  margin,  and  stoat  horizontal  spine,  at  once  separate  this 
species  from  all  its  associates.  Its  nearest  ally  is  M,  BiecartanensiSf 
Lapw. 

Locality, — Monogrofptus  HaUi  is  confined  to  the  highest  zones  of  the 
Birkhill  Shales  at  Gkirple,  Frenohland,  Hnfountbenger,  Dobbs  Linn, 
Craigmichan,  Glenkiln,  Duffkinnel,  etc 

19.    MoNOGRAPTUS    BiocARTONBNSis,    sp>     nov.      Plate    XIII. 
Figs.  2  a — e. 

Polypary  straight,  or  with  a  very  slight  dorsal  curvature,  and 
having  a  general  diameter  of  one-twelfth  of  an  inch.  HydrothecsB 
26  to  28  to  the  inch,  inclined  at  an  angle  of  about  50°  overlapping 
each  other  for  a  small  fraction  of  their  length  ;  aperture  wide,  with 
a  broadly  convex  margin  ;  denticle  long,  everted  and  produced  in  a 
stout  spine. 

The  proximal  end  of  the  polypary  is  usually  bent  sharply  back- 
wards, and  exhibits  a  short  and  broad  sicula.  The  hydrothecsB  are 
very  similar  in  form  to  those  of  AT.  Ralli  ;.  and  the  thecal  aperture 
shoves  the  same  sudden  distal  expansion  and  convex  lateral  margin. 
In  almost  every  case  the  appearance  presented  by  the  compressed 
polypary  is  that  given  in  Plate  XIII.  Fig.  2e,  where  it  is  compressed 
partly  laterally,  partly  ventrally,  and  the  whole  extent  of  the  thecal 
orifice,  very  slightly  distorted,  is  presented  to-  the  observer.  The 
lateral  angle  of  the  aperture  clearly  forms  the  denticle  visible  on  the 
ventral  margin,  and  gives  origin  to  a  stout  spine^  which  is  directed 
partly  outwards,  and  partly  towards  the  distal  extremity  of  the  poly- 
pary. As  the  same  appearance  is  presented  when  the  polypary  is 
compressed,  so  that  the  polypiferous  margin  lies  either  to  the  right  or 
to  the  left  of  the  fossil,  it  is  evident  that  the  aperture  must  have  been 
furnished  with  two  spines,  one  on  each  of  the  lateral  angles.  This 
is  probably  the  case  also  in  the  remaining  spinose  ATono^rap^td^B,  but 
the  evidence  is  not  usually  so  conclusive. 

On  a  cursory  examination,  it  appears  dearly  evident  that  it  is  the 
prolongation  of  that  portion  of  the  polypary  beyond,  or  on  the  distal 
side  of  the  aperture,  that  gives  origin  to  the  recurved  ventral  spine, 
and  in  poorly-preserved  examples  it  is  very  difficult  to  resist  the 
impression  that  it  is  given  off  from  the  base  of  the  following  hydro- 
theca. 
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M.  Rxcearionensis  differs  from  M.  Salli  merely  in  tlie  curvatnre  of 
the  polypary,  and  in  the  form  and  inclination  of  the  apertuml  apioe. 

Locality. — Everywhere  in  the  Eiccarton  beds ;  at  Kiocartou,  Hind- 
liopo,  EdgerstoQ,  Balmae,  Dalton,  -etc. 

20.  HoNoaRAFTos  Gu^enbis,  sp,  bov.     Plate  SU.  Figs.  5  a — d. 
Polypary  five  or  six   inches  in  length,  utraight  or  very  slightly 

curved,  ajid  with  a  maximum  dittraetc'r  oi' one-twelfth  of  an  inch. 
Uydrothecie  incUnod  at  an  angle  of  about  30",  2i  to  the  inch,  over- 
lapping  eftch  other  for  less  than  one-third  of  their  length ;  elightly 
contracting  iu  iliaraeter  towards  the  apertnre,  the  margin  of  wkich  it 
oblique,  and  forma  a  blunt  triangular  denticle. 

The  proximal  portion  of  the  polypary  ia  comparatively  long — the 
ninjtinmm  diameter  being  rarely  attained  within  the  firat  three  inches 
of  its  length.  The  extremity  ilaplf  ia  blunt,  and  the  sionia  ie  siniilar 
in  form  to  that  of  M.  priodm,  Bronn.,  but  is  of  ntnoh  amalter  eize. 
The  hydtotheon  preaent  appearanoea  which  differ  according  to  their 
position  and  to  the  direction  in  which  compression  has  been  effected.  In 
the  adult  portion  of  the  polypary  they  are  stout  tubea.  a  little  ffattened 
transversely,  and  gradually  contracting  distally.  The  plane  of  the 
aperture  ia  oblique  with  respect  to  the  general  line  of  the  ventral 
'  margin,  with  which  it  makes  an  angle  «f  about  120°,  The  denticle, 
though  short  and  triangular,  iavery  conapiouona.  It  sonetiaies  bean 
a  abort  spine,  which  liesin  the  same  plane  as  tbe  edge  of  the  aperture. 
Near  the  proximal  estremity  the  hydrothecae  are  narrower,  and  there 
ia  a  long  acuminate  denticle,  generally  strongly  reverted.  In  some 
views  the  bydrothecffl  ^pear  to  expand  in  the  direction  of  the 
apertuce,  anil  the  ventral  margin  is  not  unlike  that  in  M.  Mitingeri, 
Carr. 

The  polypary  in  this  form  seems  to  have  been  much  thinner  in 
texture  than  that  of  3f.  priodon,  with  which  it  is  most  frequently 
associated.  It  ia  always  preserved  aa  a  mere  CArbonaceous  film,  often 
side  by  side  with  examples  of  the  latter  speoica  in  full  relief. 

In  the  profile  view  this  apeciea  is  at  once  distinguished  from  all 
other  forma  of  the  gronp,  the  ventral  mai^n  appearing  as  a  direct 
line,  along  which  project  the  minute  triangular  denticles  at  regular 
and  distant  intervals.  It  has  been  hitherto  confounded  with  M. 
colonui,  Barr, 

Locality. — Gala  Group  in  abundance,  at  Buckholoa,  Damick, 
Glendearg,  Wooplaw,  Tushielaw,  etc, 

21.  MoNOoBAPTtJS  PBioDON,  Bronn. 

Lomaloceras  priodon,  Bronn. ;  Ijethea  Geoga.,  plate  i.  fig.  13. 

ffr(ip(oii<ftusvel  Graptotiles  priodon,  Barrande;  Gi-apt.  deBoheme, 

plate  i.  figs.  1 — 14.     GeiuiUi,  Die  Graptolithen,  plale  iii.  figs, 

20  to  27,  29,  32,  34.     Nicholson,  Quart.  Journal  Geol.  Soc. 

vol.  xxiv,  plate  xx.  figs.  6,  7. 

This  well-known  species  has  often  been  correctly  figuied  and 

described.     It  differs  from  all  the  remaining  fnims  of  this  group  in 

the  ahape  of  the  distal  portions  of  the  hydrothecte,  which  ai-e  so  re- 

oprved  that  the  apertures  foce  the  proximal  extremity  of  the  poly- 
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paiy.    It  u  plftoed  here  on  the  groimd  of  its  oIom  relstiomhip  to  the 
typical  form  of  M.  BdOi. 

Borrande  figures  several  Bohemian  examples  in  whioh  the  poly 
pary  is  more  or  less  onrved  distall;  and  has  a  ciroinate  proximal 
portion.  This  variety  seems  to  be  abeent  from  oar  Scottish  deposits ; 
all  our  examjdee  are  straight  and  rigid. 

laeaKly.—QeX^  Oroi^  at  Grieston^  Tushielaw,  Selkirk,  Galashiels, 
eta  ffirvan  beds  at  Penwhapple.  Biccarton  Beds  at  Biooarton, 
HosBpauI,  Elliotsfield.  Lower  Pentland  Beds  at  N.  Esk  Reservoir, 
Habbies  Howe,  eta 

S  TI. 
Qronp  4. — l^pe,  MotroaBUTus  Sxirawiosn,  Portlook,  sp. 
Pofyparg  atraight,  or  ipirtdly  enrolled.     Sydrolheea  rinng  from  the 
«oniwi  edge  of  &ie  periderm  at  a  large  angle;  aublriangular  to 
/orm,  ui'tA  curnlinear  margint  and  aubtenainai  aperture. 
22.  MoKOOKAPrns  Skdowiokii,  Portloc^,  sp^    Plate  XIIL  Figs. 
Sa—A 
Graptclite*  SedgmeJcii,  Portlook ;  Bep.  Londoaderry  and  Tyrone, 
■plate  xix.  figs.  1, 2,  &    Harkness,  Geol.  Jonm.  vol.  vii.  plate  i. 
fige.  ia,  b,  «.     NicbolBon,  var.  epimgenu,  Qaart.  Joam.  Qeol. 
Soc.  vol.  zxiv.  plate  xix.  figs  31,  32.    Monograptui  SedjaieJcii, 
GJeinitz ;  Die  Graptolithen,  Taf.  3,  fig.  1. 
MonograpgM  2IejJ>erm,Qeini\x;  Die  Oraptolithen,  Taf.  3,  fig.  11. 
Polypary  several  inches  in  length,  rigid,  straight  or  with  a  slight 
dorsal  curvature,  and  having  a  maximum  diameter  of  one-tenth  of  an 
inch.     HydrotheceB  making  an  angle  of  about  60°  with  the  line  of 
the  virgula,  16  to  20  to  the  inch,  subtriangular  in  form,  rapidly 
narrowing  in  the  direction  of  the  aperture,  the  margin  of  which  is 
convex,  oblique,  prdonged,  and  ornamented  by  a  strong  rigid  hori- 
zontal spine. 

The  proximal  portion  of  the  polypary  is  straight,  perpendicular, 
and  much  wider  than  in  any  other  form  of  the  group.  The  sicnla 
is  about  one-tenth  of  an  inch  in  length,  and  together  with  ite  attached 
portion  of  the  periderm  is  usually  bent  a  little  baokwards.  There  is 
no  variation  in  the  general  nhape  of  the  hydrothecee  throughout  the 
whole  of  the  extent  of  the  polypary — those  finally  formed  differing 
from  those  near  the  sioula  in  size  alone.  The  base  of  each,  or  tbat 
portion  which  rests  upon  the  coountxt  canal,  is  almost  as  broad  hb 
the  length  of  the  theca.  There  ia  no  overlap,  the  b  jdrotheoffi  merely 
touching  each  other  at  their  bases.  The  outer  matgin  of  each  is  con- 
cave and  inclined  at  an  angle  which  varies  from  45°  to  60°.  The 
distal  margin  is  almost  horizontal  and  more  or  less  arched— the 
outer  portion  forming  the  edge  of  the  aperture.  The  denticle  is 
strongly  mucronale,  and  is  prolonged  in  a  stout  spine  about  one- 
twentieth  of  an  inch  in  length.  In  many  examples  this  spine  seems 
to  be  wholly  wanting ;  but  the  known  facts  go  to  prove  that  it  is 
nniversally  present — its  apparent  absence  depending  either  upon 
the  angle  of  compression  or  the  stnte  of  preservation  of  the  fossil. 
By  some  paleontologists  this  form  is  considered  aa  l^^oliXca^.  'w\'>2^ 
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Xonograpba  convolatut.  His.  As  it  diffen  from  all  the  kDOwn  rarietiea 
of  that  form  id  the  size  and  straightness  of  the  polypary  and  th« 
■f'innge  character  of  its  hydrotbec»,  we  may  more  properly  regard 
it  with  Carrutbers'  and  Barraude'  as  a  distinct  and  weU-m&rked 
■pecies. 

Locaitty. — Highest  zones  of  the  Birkliill  Shales  at  Dobhs  Linn, 
Mountbenger,  Qarple,  etc 

23.  MoNOGKAPToa  oosvolftub,  Hieingor,  sp. 

PritMoltu   etmeolutut.  His, ;  Lethea  Suecicn,  pi,  xxxviiL  6g.  7 

Polypary  from  four  to  six  inches  in  length,  Blender,  arcuate,  ov 
coiled  into  a  flat  spiral ;  bearing  closely-sot  hydrothecK,  in  contact 
only,  rising  from  the  convex  margin  of  tlie  periderm  at  a  large 
tingle ;  subtriiuigular  in  form,  and  having  snbterminal,  unoroamented 
i^nurea. 

Disinger's  original  example  of  his  Prionolas  etmvolufiu  waa 
possibly  a  spirally  enrolled  fonu  of  this  Protean  species.  It  is, 
however,  very  similar  in  appearance  to  the  proximal  portion  of 
Oyrtograptat  Marchitoni,  Carr. ;  and  it  is  impossible  to  identify  it 
irith  any  one  of  the  following  forms,  which  are  our  only  known 
Bcottiah  varietiea. 

Yar.  (a.)  ooKMimB.    Plate  XHL  Figs.  4  a,  b. 

Polypary  almost  strtugbt  diatally;  proximal  extremity  aharply 
incurved.    Hydrotheoffi  25  to  30  to  the  inch,  short,  triangnlar,  pointed. 

Ak  b,  rule  the  polypary  in  this  variety  commences  with  a  strongly 
recurved  proximal  portion,  varying  in  length  from  one-half  to  a  full 
inch  in  length.  Here  the  hydrotheces  are  linear  and  apparently 
isolated  as  in  M.  triangtUatvi.  As  the  polypary  grows,  the  theca' 
become  broader  at  tbeir  bases,  till  in  the  adult  portion  they  are 
truly  in  contact.  Sometimes  the  denticle  is  very  acut«,  and  is  even 
a  little  recurved,  reminding  us  of  some  examples  of  the  lohifemt 
group. 

Locality. — Common  in  the  higher  zones  of  the  Birkhill  Shales 
everywhere. 

Var.  (6.)  FiMBRiATtis,  Nicholson.     Plate  XIII.  Figs.  4  c,  d. 

Graptoliles  Jimbriatue,  Nicholson;  Quart.  Joum.  Qeol.  Soc  vol. 
xxiv.  plate  xx.  figs.  3.  4,  S. 

Polypary  short,  arcuate,  with  incurved  proximal  end.  Hydrothecs; 
30  to  the  inch,  triangular,  with  rounded  apicee. 

The  hydrothecfB  are  shorter  and  broader  than  in  var,  coniinuni*, 
and  they  are  much  more  closely  arranged. 

Locality. — A  rare  fossil ;  occurs  only  in  association  with  the  pre- 
ceding variety. 

Var.  (c.)  PROTKua,  Barrande.     Plate  XIII.  Figs.  4«,/ 

Graptolilhas  proleus,  Barrande ;  Grapt.  de  Boh^me,  plate  iv. 
figs.  12,  14,  15.  Suess,  BohmischeOraptolithen,Taf.  ix.  figs. 
2,  3.  Geinitz,  Die  Graptolithen,  Taf.  iv,  figs.  8,  14,  26,  27, 
28,  29. 

'  GtoL.  M^a.  Vol  V.  p.  127.  >  Oeteme  de  Colonic,  part  ir.  p.  2a. 
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Poljpaiy  bent  into  an  irregular  spiral,  and  with  an  extremely 
slender  proximal  portion  bearing  distant,  adnate,  linear  hydrotheeiB 
with  everted  dentioles. 

The  distal  hydrothecse  in  this  variety  are  longer  than  in  var.  eom- 
mums,  and  much  broader  at  their  outer  extremities  than  those  in  the 
following  variety.  Their  apioes  are  often  a  little  reoarved.  The 
proximal  portion  of  the  polypary  affords  the  chief  cbaracteristio  of 
this  variety.  It  is  as  slender  as  many  of  those  of  the  NiUsoni  group, 
and  bears  similar  adnate  hydrothecce. 

Locality. — In  the  highest  beds  of  the  Birkhill  Shales  at  Duff  kinnel, 
Mountbenger,  etc.,  and  in  the  Qala  Group  at  Grieston,  Broad- 
meadows. 

Var.  (d.)  SPIRALIS,  Gtoinitz.    Plate  XHL  Figs.  4  g^  h. 

Graptolithus  spiralis,  Geinitz;  Neu.  Jahrbuoh  fur  Mineral.,  1842, 
pi.  X.  Barrande,  Grapt  de  Boh^e,  pi.  iii.  figs.  10,  11,  12. 
Nicholson,  Quart  Joum.  Geol.  Soc.  vol.  xxiv.  pi.  xx.  fig.  28. 

Polypary  long  and  slender,  coiled  up  into  a  flat  spiral,  and  bearing 
long  linear  acutely-pointed  hydrothecao. 

The  thecad  in  this  form  are  very  similar  in  shape  to  those  of  the 
next  species,  to  which  it  seems  most  intimately  allied. 

Locality. — Rare  in  the  higher  zones  of  Birkhill  Shales  at  Duff- 
kinnel,  Sundhope,  Dobbs  Linn. 

24.  MoNOGRAPTTJS  TRIANGULATU8,  Harkuoss  sp.  Plate  Xni.  Fig.  5. 

Rastrites  triangulatus,  Harkness;  Quart.  Joum.  G^ol.  Soc. 
vol.  vii.  plate  i.  fig.  3  d. 

Polypary  rigid,  slender,  from  one  to  two  inches  in  length,  arcuate 
distally,  and  with  broadly  incurved  proximal  portion.  Hydro thecaa 
rising  almost  perpendicularly  from  the  convex  margin  of  the  polypary, 
25  to  28  to  the  inch,  isolated,  or  in  contact  only ;  narrow,  linear,  with 
mucronate  extremity  and  terminal  aperture. 

I  have  separated  this  form  as  a  distinct  species,  because  of  the 
diminutive  size  and  very  characteristic  shape  of  the  polypary.  It 
occurs  in  great  multitudes  in  one  zone  of  the  Birkhill  Shales,  and 
always  with  the  same  general  aspect. 

The  hydrothec83  are  very  similar  to  those  of  var.  spiralis,  Geinitz, 
but  they  are  narrower  at  their  bases  and  more  deeply  divided.  Near 
the  proximal  extremity  of  the  polypary  they  are  distinctly  isolated, 
and  greatly  resemble  those  of  some  forms  of  Bastrites.  Distally 
their  bases  grow  broader,  and  they  appear  to  be  truly  in  contact. 
This  is  not  always  the  case,  however,  for  in  some  specimens  all  the 
thecsB  seem  to  be  really  isolated,  as  in  Bastrites. 

Locality.  —  Birkhill  Shales,  at  Dobbs  Linn,  Garple,  Glenkiln, 
Frenchland,  etc.     Quia  Group  at  Sit  Bum,  Heriot  Water,  etc. 

25.  MoNOQRAPTUs  TURRiGULATUs,  Barraudc.     Plate  XIII.  Fig.  6. 

Graptolithus  turriculatus,  Barrande ;  Grapt.  de  Boh^me,  plate  iv. 
figs.  7 — 11.  Nicholson,  Quart.  Joum.  Geol.  Soc.  vol.  xxiv. 
plate  XX.  figs.  29,  30. 

Polypary  slender,  three  to  four  inches  in  length,  enrolL^  \sl  ^ 
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oonical  lielix.  Hydrothecse  40  to  the  inch.  Biibtriftngular  in  form, 
with  Giirviliiiear  murgjua  ;  aperture  terminal ;  denticle  prolonged  in 
a  well-marked  spine. 

Our  epeoimena  of  this  spociee  are  all  very  sninll,  the  great 
majority  of  examples  being  leas  than  one  inch  in  length.  They 
are  usually  corapresaed  so  as  to  present  the  appearance  figured  on 
PlatflXni.  Fig.  66. 

This  species  ia  recognized  at  once  by  its  small  size,  characteristic 
CDrvature  and  oonspiciious  apertural  Epines. 

LoeaUly.~\i  occurs  rarely  in  the  highest  bed  of  the  Birlchill 
Siiales  at  Dobbs  Linn,  Whitehope,  Frenchland,  etc.,  and  in  the  Gala 
Group  at  MeigleUill,  Buckholin,  Elwand  Burn,  Cowdenknowcs.  etc. 
P,o,^  EXPLANATION  OF  PL.\TE  XII. 

la—/    XoHograptia  Hiiiiuitri,   Corr.,  typioal  form,     la — Irf.  distal  portion;   1*. 

proximiil  eD<l.    Grtnton  Qusrrj.    If.  Id.  aiiult  partion :  oblique  ricw. 

Elliotafleld.   1«.  1/.  adult  fragment.     Long:  .Sludiklfl,  WiMCmorland. 
3a — d    Konagrepltu,  vsr,  iai^itam,  Lapw.     So.  praiimal ;  %b.   dulal  portion;  3r 

FharactcriBtie  view ;  2d.m  niliet.     Dobbs  Lino- 
3b — d     llaiuigrapitH  eypliui,  Lapw.      3a.  adolt;    36.   proiinuil   portion;    3<.  in 

relief;  SJ.  near  proiiiDal  Bitremity.     Dobba  Linn. 
4o— f     Mnnngmplui    Itplnlkeea,    I..apw.     ia.    adult   portion;    ii.     oantra3 ;    if- 

proiLmal ;  4  d.  impremion  ;  4  e.  cast,     Dobbs  Lian. 
fin — d    Manograplui  (?0/B«rui>,  Lapw.     ba — «.  distal ;  &b.  d.  proximal  extrflmitt. 

Galaahielg, 
its~d    Mormgraplui  tvinm'nui,  Nich.     S  n.  nat.  size;  6i    contpemad  «entnill; , 

6e.   cbarocterltlic  tIpw  ;  Gd.  obliquo  lien.     Elliobllcld. 
pipg  EXPLANATION  OP  PLATE  XIIL 

1  a—d    Monofraplui    Jlaili,   Garrande.     I  a.   distal ;    I  b.  proximal  portion ;  1  f . 

flatteaed  ;  1  rf.  in  relief.     Moantbenger  Bum. 

2  a — e     itBiioaraplia  RietarlonHnii,  Lapw.     2o.  b.  distal  portion  in  partia]  relief. 

Teivcabilly,  Conntj  Down.     (Coll.  W.   A.    Swanston,  Esq.)     2t.d.i. 
EUiolafield 

3  a — d    Monograptut  SedgteUkii,  Fortlock.    3  a.  h.  distal  portion  ;  3,  c.  d.  proiimal 

end.     Bandhope. 

4  a—h       Moni^rapltH  canmluttu,  Hia.     4  a.  b.  Tar.  rummiuiii,  4  c.  d.  tax-Jimbriiitm. 

Dobbs  Linn.      ie.f.  car.  proleui.     Coal-pit  Bar.     if-  h.  Tar.  iptralu. 

(CoU.  Prof.  Nidhoton.)     Dobbs  Linn, 
6  a — 6     Xfonoffrapiui  trianguhtut,  Hnrknettf.      Dobba  Linn. 
6a— b     iloHograplai  lurriculaliu,  Barrnnde.     Elwand  Bank,  Galastiiels. 

IV.— Pbbblk  Ridges. 

By  T.  Mellahd  Kb*de,  C.E.,  F.G.S, 

AS  a  contribntion  to  our  knowledge  of  the  formation  of  these  very 
interesting  "  natural  embankments  of  the  sea,"  I  may  point 
to  a  little  bay  in  Anglesea,  immediately  westward  of  the  Bryii  Ddu 
Limestone  quarries  on  the  north-east  coast  of  Anglesea.  about  two 
miles  and  a  half  westward  of  Puffin  Island.  This  little  bay  is  not 
more  than  about  a  furlong  across,  and  may  be  roughly  described  as 
semicircular  in  form,  lying  nearly  due  west  to  east  from  point  to 
point.  From  being  in  miniature  as  it  were,  the  ridge  can  be  readily 
studied,  and  it  is  very  striking  to  see  how,  commencing  in  the  west- 
ward as  a  beach,  it  gradually  rises  into  a  ridge  having  very  steep 
Bides.     No  less  remarkable  is  the  way  in  which  the  stones  increase 
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in  8iE6  as  the  ridge  does  in  height.  At  the  went  end  it  may  be 
described  aa  oompoaad  of  LimeBlone  pebbles,  wikh  here  and  there  a 
boalder,  while  at  the  east  end  it  is  built  up  almost  entirelj  of  large 
linieetOQe  boulders  and  blnoks,  many  containing  from  one  to  two  oubia 
feet  and  some  mora.  Intcmnixed  there  are  bonlders  from  the  aize 
of  the  closed  hand  and  upwards.  The  larger  blocks  ara  sub-angular 
and  rounded,  and  no  doubt  get  );;7adually  worn  down  ssaaller  and 
rounder,  until  they  beoome  "  boulders,"  by  being  moved  about  by 
the  sea;  but  some  on  the  other  hand,  being  thrown  over  on  t«  the 
back  of  the  bank,  oannot  be  further  affected  by  the  waves.  In  this 
ridge,  as  I  have  painted  out  is  the  case  with  the  Ghesil  Bank,'  the 
itonea  fviUmo  ike  lata  of  the  bank  ittdf,  the  largest  behtg  eoUeeted  to 
form  the  higlieel  part  of  Ao  hank,  whioh  in  both  ooours  where  the 
wave-action  is  most  intense. 

In  the  present  instance  there  is  no  doubt  about  the  direction  of  the 
gales  being  from  the  north-west,  and  hero,  as  in  the  Chesil  Bank, 
the  large  etooea  ara  oolleoted  at  the  lee  end  of  the  ridge.  It  ia  alsoa 
Intimate  inferanoe  that  they  travel  from  the  westward,  as  there  ara 
block-making  rooks  on  tluit  side  of  the  Bay.  If  they  did  not  travel, 
but  simply  moved  np  and  down  the  slope  of  the  beaoh,  we  should 
find  the  tmallest  where  the  wave-ootion  was  greatest,  as  they  would 
be  ground  down  t»  liH.  This,  in  fact,  is  what  takes  place  when 
they  arrive  at  the  end  iif  their  journey ;  hut  they  are  constantly 
being  renewed  by  other  "  travellers,"  as  the  Bemi-roiinded  stones 
show.  NeverthelesB,  it  is  remarkable  to  find  the  stones  so  assorted ; 
for  gravel  and  pebbles  seem  to  have  no  place  among  the  larger 
etoues.  These  smaller  objects  most  probably — like  the  mud  derived 
from  the  attrition — get  sucked  out  by  the  retiring  waves,  and 
travelling  onwards  are  ground  into  powder,  and  finally  end  as  mud 
deposits. 

V. — BniABES   ON   Mb.  Bubns's  Papkb   os    the    Mkohahio&    or 

Glaoikhs. 

Bi  JiHSS  Cboll,  LL.D.,  F.R.S. 

I  FEAR  I  must  express  my  ideas  very  indistinctly,  seeing  that  I 
am  so  frequently  miBunderstood  by  my  critics.  Quite  recently 
a  well-known  American  astronomer,  in  reviewing  my  book,  "  Climate 
and  Time,"  devotes  nearly  a  dozen  p^es  to  the  refuting  of  views 
most  of  which  I  have  never  held.  And  in  the  July  Number  of  the 
GKOLOOtcAL  MAOAZiNit  I  am  sorry  to  find  a  repetition  of  the  same 

I  feel  certain,  that  had  Mr.  Bums  been  at  the  trouble  to  read  my 
more  recent  and  complete  exposition  of  the  Molecular  Theory  of 
Glacier  Motion,  given  in  Chapter  xxxt.  of  "  Climate  and  Time."  he 
would  not  have  published  his  criticism.  The  following  extraot  from 
the  chapter  referred  to  will  show  how  completely  Mr.  Bums  has 
mistaken  the  theory : 

"  This  ii  the  form  in  which  m;  eiplinatiaD  iriia  fint  rtated  about  half  ■  dona 
1  GioL.  Hie.  Tol.  I.  Dae  II.  pp.  2S9,UT- 
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iken  iflbo  acconnL 
_  ._        .   .  .  ^     .  ...       „.-     .-       ...        .  t  pointa  cunnecta] 

with  <;lBi'ial  phenomena.. 

"  Ice  is  evidenUv  not  abmlately  eolid  throoghoDt.  It  ii  <»niposed  ol  crpUlline 
partiFles,  whivh,  though  in  euntaot  with  one  another,  are,  however,  not  pgctnl 
tocelher  so  u  to  orcupjr  the  leaat  ponnble  space,  and.  eren  thonch  theywere,  tiie  par- 
tl^aa  would  not  fit  lo  cloaelv  together  as  to  eiolude  intenticei.  The  crystaUiiu 
particles  are,  havt^ver,  united  (o  one  another  at  special  points  determinM]  br  their 
poUHty,  and  on  this  account  they  roqaire  more  spnC€ :  and  tliis  in  all  probabiht;  a 
(be  reiiBoa,  as  Professor  TyndoU  remarks,  why  ice,  TOliuoe  for  valunie,  is  leas  doue 

"  *  Ttiej  (tbe  molecat(H\  like  the  mn^eti,'  »t.-jt  Professor  TyDdatL, '  are  acted  npon 
by  two  distinct  forces ;  tor  a  time,  while  the  liquid  is  bein^  conled,  they  appnniili 
each  other,  in  obodienee  to  their  general  attraction  forsach  other.  But  at  a  certain 
point  new  forces,  some  attractirc,  some  repnlsiic,  imantling  /rom  iprciat  poiiUi  of 
tha  raoleculea,  come  into  play.  The  iittnicl«d  paiata  closu  up,  the  repelled  poisli 
I«trORt.  Thus  the  molocuitia  turn  and  rearrange  themselcM,  dem.inding  as  tbey  ds 
BO  more  space,  and  Dvercoming  oil  ordinary  resintaacc  by  the  eaergy  of  thtur  di^aiiind- 
This,  in  peueral  tenns,  is  on  explanation  of  the  eipansion  of  water  in  solidifying.'' 

"  it  will  be  obrions,  then,  that  when  a  crystalline  molecule  rotflta,  it  will  not  mn*li 
dese«nd  in  the  manner  already  deseribed,  hut  capillary  attisictioD  will  caose  it  to  flow 
inta  Iho  inlersticH  between  the  adjoining  molecules.  The  moment  that  it  park  with 
the  heat  received,  it  will  of  course  resolidify,  as  has  bctu  shown,  but  it  will  nut 
•olidify  90  as  to  fit  the  cuti^  which  it  occupied  tclien  in  the  fluid  state.  For  the 
liquid  molecule  in  solidifying  assumM  tlvo  crystalliac  form,  and  of  course  there  will 
be  B  definite  pri^ortion  between  the  length,  breadth,  and  thickness  of  the  crystal ; 
oans^qiiently  it  will  always  happen  that  the  inlerstice  in  which  it  solidiliea  will  be 
too  narrow  to  contain  it.  The  result  will  he  that  the  fluid  molecule  in  paning  into 
the  crystalline  form  will  press  the  two  adjoining  molecules  aside  in  order  to  make 
snflicicnt  room  for  itself  between  them,  and  this  it  will  do.  no  matter  what  amonnt 
of  fjince  it  may  p.^wm  in  all  other  dirrrtiLiii^.  The  crvstnl  will  not  (nrm  to  soil  lb.- 
cavify,  the  cavity  must  he  made  to  contain  the  crystal.  And  what  holds  true  ol  one 
molecule,  holds  true  of  every  molecule  which  melts  and  resolidifies.  This  process  is 
therefore  going  on  incessantly  in  every  part  of  the  glacier,  and  in  proportion  to  the 
amount  of  heat  which  the  glacier  is  receiving.  This  internal  molecular  prc«sure, 
resulting  from  the  solidifying  of  the  fluid  molecules  in  the  interstices  of  the  ice,  acts 
on  the  ma.is  of  the  ice  asau  expansive  force,  tending  to  cause  theglicier  to  widen  out 
laterally  in  all  dircctiona. 

'■  Conceive  a  mass  of  ice  lying  on  a  flat  horizontal  surface,  and  receiving  heat  on  its 
upper  surface,  say  from  tJie  sun  ;  as  the  heat  passes  downwards  through  the  moss, 
the  molecules,  acting  as  conductors,  melt  and  resolidify.  Each  fluid  molecule  solidi- 
fies in  an  interstice,  which  has  to  be  widened  in  order  to  contain  it.  Tlie  pres.<ure 
thus  eierted  by  the  continual  resolidifying  of  the  molecules  will  cause  the  mass  to 
widen  out  laterally,  and  of  course  aa  the  mass  widens  out  it  will  grow  thinner  and 
thiTmer  if  it  does  not  receive  fresh  acquisition  on  its  surface,  la  the  case  of  a  glacier 
limg  in  a  valley,  motion,  however,  wdl  onlv  lake  place  in  one  direction.  The  aides 
of  tlie  valley  prevent  the  glacier  from  widening ;  and  as  gravitation  opposes  Uie 
motion  of  the  ice  up,  and  favours  ita  motion  down  the  valley,  the  path  of  least 
resistance  to  molecular  pressure  will  always  be  down  the  slope,  and  consequently  in 
this  dirtction  molecular  displacement  will  take  place.  Molecular  pressure  will  there- 
fore produce  motion  in  the  same  direction  as  that  of  gravity.  In  other  worda,  it  will 
tend  to  cause  the  glacier  to  descend  the  valley. 

"  The  lateral  eipansion  of  the  ice  from  internal  molecular  pressors  eiplains  in  a 
clear  and  satisfactory  manner  how  rock-basins  may  be  excavated  bj  means  of  land- 
ice.  It  also  removes  the  difficultiee  which  have  been  felt  in  accounting  for  the  ascent 
a  steep  slope.  The  main  difflculty  besetting  the  theory  of  the  excavation 
asins  by  ice  la  to  explain  how  the  ice  after  entering  the  basin  manages  to 
gei  oui  again — how  the  ice  at  the  bottom  ii  made  to  ascend  the  sloping  sides  of 
the  basin.  Pressure  acting  from  behind,  it  baa  been  argued  by  some,  if  the  baein 
be  deep  and  its  sides  steep,  will  simply  cause  the  ice  lying  above  the  level  of  the 
basin  to  move  forward  over  the  surface  of  the  mass  filling  it.    This  conclusion  is, 


;x. 
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loweyer,  incorreet.  The  ice  filling  the  hasin  and  the  glacier  oTerl^ring  it  are  united 
n  one  solid  man,  io  that  the  latter  cannot  moYe  OTor  the  loimer  without  shearing ; 
md  although  the  resistance  to  motion  offered  h^  the  sloping  sides  of  the  hasin  may 
>e  much  greater  than  the  resistance  to  shear,  still  the  ice  wul  be  slowly  dragged  out 
)f  the  basin.  However,  in  order  to  obyiate  this  objection  to  which  I  refer,  the 
idTocates  of  the  glaciid  origin  of  lake-basins  point  out  that  the  lengtii  of  those 
Msins  in  proportion  to  their  depth  is  so  gieat  that  the  slope  np  which  the  ioe  has  to 
)as8  is  in  reality  but  smalL  This  no  doubt  is  true  of  lake-baiins  in  general,  but  it 
loes  not  hold  nniversally  true.  But  the  theory  does  not  demand  that  an  ice-formed 
^e-basin  cannot  have  steep  sides.  We  have  incontestable  eyidence  that  ice  will 
[>ass  up  a  steep  slope ;  and,  if  ice  can  pass  up  a  steep  dope,  it  can  excavate  a  basin 
with  a  steep  slope.  That  ice  will  pass  up  a  eteep  slope  u  proved  by  the  fact  that 
!omparatively  deep  and  narrow  river-vallers  are  often  founa  striatea  across,  while 
tiillfl  which  stood  directly  in  the  path  of  tne  ice  of  the  glacial  epoch  are  sometimes 
found  striated  upwards  from  their  base  to  their  summit.  Some  s&ildng  examples  of 
itrise  running  up-hill  are  given  by  Professor  Geilde  in  his  *  Glacial  Drift  of  Scotland.' 
[  have  myself  seen  a  slope  striated  upwards  so  steep  that  one  could  not  climb  it. 

"  A  very  good  example  of  a  river- valley  striated  across  came  under  my  observation 
luring  the  past  summer.  The  Tay«  between  Can2:ili  and  Stanley  (in  the  centre  of 
the  broad  plain  of  Strathmore),  has  excavated,  through  the  Old  Bed  Sandstone,  a 
channel  between  200  and  300  feet  in  depth.  The  channel  here  nms  at  right  angles 
to  the  ^h  taken  during  the  glacial  epoch  by  the  great  mass  of  ice  coming  from  the 
North- West  Highlands.  At  a  short  distance  below  Gargill,  the  trap  rising  out  of 
the  bed  of  the  river  is  beautifully  ice-grooved  and  striated,  at  right  angles  to  the 
stream.  A  trap-dyke,  several  miles  in  length,  crosses  the  river  about  a  mile  above 
Stanley,  forming  a  rapid,  known  as  the  Linn  of  Campsie.  This  dyke  is  tnoutonnSe 
and  striated  from  near  the  Linn  up  the  sloping  bank  to  the  level  of  the  surrounding 
country,  showing  that  the  ice  must  have  ascended  a  gradient  of  one  in  seven  to  a 
height' of  300  feet. 

"  From  what  has  been  already  stated  in  reference  to  the  resolidifying  of  the  mole- 
cuiee  in  the  insterstices  of  the  ice,  the  application  of  the  molecular  theory  to  the 
explanation  of  the  effects  under  consideration  will  no  doubt  be  apparent.  Take  the 
case  of  the  passage  of  the  ice-sheet  across  a  river- valley.  As  the  upper  surface  of 
the  ice-sheet  is  constently  receiving  heat  from  the  sun  and  the  air  in  contect  with  it, 
there  is  conseaucntly  a  transference  of  heat  from  above  downwards  to  the  bottom  of 
the  sheet.  This  transference  of  heat  from  molecule  to  molecule  is  accompanied 
by  the  melting  and  resolidifying  of  the  successive  molecules  in  the  manner  already 
detailed.  As  the  fluid  molecules  tend  to  flow  into  adjoining  interstices  before 
8olidif3ring  and  assuming  the  crystalline  form,  the  interstices  of  the  ice  at  the  bottom 
of  the  valley  are  constantly  being  filled  by  fluid  molecules  from  above.  These 
molecules  no  sooner  enter  tne  interstices  than  they  pass  into  the  crystalline  form, 
and  become,  of  course,  separated  from  their  neighbours  by  fresh  interstices,  which 
new  interstices  become  filled  by  fiuid  molecules,  which,  in  turn,  crystallize,  forming 
fresh  interstices,  and  so  on.  The  ice  at  the  bottom  of  the  valley,  so  lon^  as  this 
process  continues,  is  constently  receiving  fresh  additions  from  above.  The  ice  must 
therefore  expand  laterally  to  make  room  for  these  additions,  which  it  must  do  unless 
the  resistence  to  lateral  expansion  be  greater  than  the  force  exerted  by  the  molecules 
in  crystallizing.  But  a  resistance  sufficient  to  do  this  must  be  enormous.  The  ice 
at  the  bottom  of  the  valley  cannot  expand  laterally  without  passing  up  the  sloping 
sides.  In  expanding  it  will  teke  the  path  of  least  resistence,  but  the  path  of  least 
resistence  will  always  be  on  the  side  of  the  valley  towards  which  the  general  mass 
of  the  ice  above  is  nowing. 

**  It  has  been  shown  (Chapter  xxvii.)  that  the  ice  passing  over  Strathmore  must 
have  been  over  2000  feet  in  thickness.  An  ice-sheet  2000  feet  in  thickness  exerte 
on  ite  bed  a  pressure  of  upwards  of  51  tons  per  square  foot.  When  we  refiect  that 
ice  under  so  enormous  a  pressure,  with  grinding  materials  lying  underneath,  was 
forced  by  irresistible  molecular  energy  up  an  incline  of  one  in  seven,  it  is  not  at  all 
surprising  that  the  hard  trap  should  be  eround  down  and  striated. 

"  We  can  also  understana  how  the  softer  portions  of  the  rocky  surface  over  which 
tiie  ice  moved  should  have  been  excavatea  into  hollow  basins.  We  have  also  an 
explanation  of  the  transport  of  boulders  from  a  lower  to  a  higher  level,  for  if  ice 
can  move  from  a  lower  to  a  higher  level,  it  of  course  can  carry  boulders  along  with 
it."-— C/tma^  and  Timt,  pp.  523—527. 
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Mr.  Bums  wholly  mieap prebends  me  in  suppOBtng  me  to  believe 
that  tLe  heat  enters  the  glacier  at  iU  lotver  eod  and  travels  npwan!«. 
A  glacier  receives  its  heat  from  the  buq  on  its  opper  surface,  and 
that  heat  mnet  of  course  pass  downwards  from  the  surface  to  the 
bed  of  the  glacier,  Jq  repveeentiog  the  dotvuward  motion  of  the 
moieciiles,  it  is  true,  I  begun  by  ooDsideriug  the  lower  molecule 
and  passed  upwards,  but  I  never  meant  to  convey  the  idea  that 
the  heat  took  that  path.  Mr.  Burns  appears  also  to  misapprehend 
me  in  regard  to  the  origin  of  "'  Crevasses."  I  need  not.  however, 
enter  into  these  points,  as  the  criticient  relates  wholly  to  mj 
first  and  imperfect  rcpresentatioa  of  the  theory,  so  thai  it  is  of  ' 
no  importanee  whether  his  conclusions  be  correct  or  inoorreot. 

ITOTICES      OIF      3UCEliOIH.S, 

BbcHEROBEB   StK    LEB   FoSSILES  pALfOZOlQVES    DE   I^    NoCVZLLK- 

0/,LhKB  uu  Son  (Abbtualte).     Par  L.  G-.  db  Komkck,  A.1I. 
Texte  pp.  HO,  8vo. ;  Atlas  pis.  4,  4to.     (Bruielles,  1876.) 

IN  this  memoir  we  have  presented  to  os  one  of  those  careful  and 
comprehensive  works  for  which  the  pen  of  Prof,  de  Koninck 
bm  become  celebrated.  The  structure  of  the  Palooozoie  rocks  of 
Now  South  Wales  is  familiar  to  us  through  the  writings  of  the  Eev. 
W.  B.  Clarke,  the  late  Samuel  Stutchbury,  William  Keene,  and  others ; 
bat  with  the  fauna  of  these  old  rocks  our  knowledge  was  of  a  very 
limited  nature.  There  are,  it  is  true,  the  fine  memoirs  of  Messrs. 
Morris,  McCoy,  and  Dana;  but  they  comprehend  only  the  fossils  of 
the  Carboniferous  formation  of  New  South  Wales,  and  do  not  to  any 
eitent  touch  upon  those  of  the  Lower  Palaeozoic  rocks.  Under  these 
circumstAncee  the  appearance  of  the  present  memoir  is  particularly 
acceptable. 

Prof,  de  Koninok's  studies  lead  him  to  the  conclusion  that  Prof. 
McCoy's  view,  expressed  in  1861,  as  to  the  general  specific  identity 
of  the  marine  fauna  of  the  whole  world  in  the  earlier  portion  of  the 
Palfeozoio  epoch,  is  also  applicable  to  the  Devonian  and  Carboniferous. 

As  it  is  to  he  remarked  in  connexion  with  a  large  number  of 
Indian  and  Chinese  Carbonifeous  species,  so  with  the  Australian,  they 
attain  a  size  rarely  equalled  by  tlieir  European  or  American  repre- 
sentatives. 

The  memoir  treats  separately  of  the  Devonian  and  Silurian  forms 
respeclively.  Of  the  69  Silurian  species,  13  are  considered  by  Prof, 
de  Koninck  to  be  new,  and  8  doubtful.  They  are  all  of  Upper 
Silurian  type,  and  do  not  appear  to  differ  in  form  and  size  from 
species  of  the  same  age  in  other  quarters  of  the  globe.  The  new 
species  nil  belong  to  genera  represented  in  Europe  or  America  by 
closely  allied  forms.  Two  well-defined  horizons  are  recog-ziable,  a 
lower  composed  of  argillaceous  rocks,  corresponding  to  the  Upper 
Llandovery,  and  an  upper  of  very  hard  qtiartzites,  usually  coloured 
red  from  the  presence  of  oxide  of  iron,  and  white  or  grey  crystal- 
line limestone,  corresponding  to  the  Ludlow  series.  Tlie  species 
are    nearly    equally  divided  between    the    tw&   groups,    32    oc- 
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ourring  in  the  lower  or  Upper  Llandovery,  and  27  in  the  upper  or 
Ludlow  group.  In  the  former  the  fauna  is  almost  ezolusively 
MoUuscan  and  Crustacean,  whilst  in  the  latter  Corals  and  Crustacea 
chiefly  ahound. 

Passing  to  the  Devonian,  we  find  that  G7  species  are  descrihed, 
(if  which  SO  are  considered  as  new,  and  have  their  analogues  in 
European  or  American  Devonian  rocks,  except  four,  ArchmocyathuB  ? 
Qarkei,  de  Eon.;  Billingna  alveolarei^  de  Kon. ;  NUo?  Darwiniif  de 
Kon. ;  and  MitcheHUa  striatula,  de  Kon.  The  Upper  Devonian  series  is 
indicated  hy  the  presence  of  such  species  as  Slrophaleaia  produetaidea, 
Murchison;  GJumeies  eoronaia,  Conrad;  Bhynchonella  pleurodon, 
PhilL ;  Spirifer  disjunettu,  Sow. ;  and  Avietdopecten  Clarkei,  de 
Kon.  The  chief  remaining  forms,  especially  those  from  the  hlack 
limestone  of  Yars,  indicate  a  somewhat  lower  horizon  than  the 
preceding  five  species,  but  at  the  same  time  more  recent  than 
the  horizon  represented  by  Caleeola  sandalina,  Lamk.  Prof,  de 
Koninck  states  that  ArcJuBoeyathus^  Clarkei  appears  to  take,  in 
Australia,  the  place  occupied  by  Receptacidiies  Neptuni,  Defr.,  in 
certain  European  Devonian  beds,  especially  those  of  Belgium. 
Under  the  name  of  MitchelUa  is  described  a  new  and  interesting 
genus  of  the  family  Bvccinidat  in  which  the  mouth  is  elongated  and 
much  contracted.  The  occurrence  of  this  genus  in  conjunction  with 
a  species  of  Niso,  usually  considered  as  a  Tertiary  genus,  are  the 
only  anomalies  to  be  noticed  in  the  composition  of  the  New  South 
Wides  Devonian  fauna,  as  compared  with  that  of  Europe. 

To  the  Rev.  W.  B.  Clarke,  M.A.,  F.R-S.,  through  whose  almost 
unaided  exertions  this  collection  was  placed  in  Prof,  de  Koninck*s 
hands.  Palaeontology  owes  a  deep  debt  of  gratitude.         R.  E.,  Juu. 


L — Exploration  of  thb  Colorado  Eiver  of  the  West  and  its 
Tributaries.  Report  to  the  Secretary  of  the  Smithsonian 
Institution.  By  J.  W.  Powell.  4to.  pp.  292,  with  80  Illus- 
trations, a  Map,  and  Sections.  (Washington,  Government 
Printing  Office,  1875.) 

THIS  is  a  large  and  handsome  quarto  volume,  unexceptionable  as 
to  printing,  and  adorned  with  a  quantity  of  really  excellent 
views  on  wood,  taken  apparently  from  photographs,  which  for 
artistic  effect  and  execution  are  of  a  very  high  order :  indeed  many  of 
them  seem  stamped  with  the  grandeur  of  the  scenes  they  represent ; 
and  some,  reminding  one  forcibly  of  the  weird  style  of  Oustave 
Dore,  exhibit  strongly  the  power  with  which  really  good  illustrations 
can  convey  and  enhance  the  appreciation  of  Nature's  grandest  physico- 
geologic  features.* 

The  laborious  operations  of  which  Professor  Powell's  Beport  is 
the  result  were  spread  over  the  years  1869,  70,  71,  and  72 ;  so  that 

^  To  point  this  remark,  we  might  allude  to  the  sadly  different  impression  produced 
by  comparing  the  wuod-cut  iUustrations  of  Mr.  Drew's  new  book  on  KaHhmir, 
pnbluhed  .by  >tanford,  London.  Has  the  talent  for  illiutration  fozsaken  ju  for 
America  F    Surely  not. 


366  Sevietts — Potedl's  Exploration  of  the  Colorado. 

tlie  outltor  writM  with  a  detailed  and  extensive  knowleilge  of  this 
pecnliar  re^on,  which  claima  alteTjtion — a  region  the  very  Dame  of 
which  prepares  one  for  something  of  the  marvellous.  Hence  we  are 
not  Burprieed  to  find,  though  the  aathnr  has  not  all  the  tlesoriptJTe 
power  of  a  Burton,  that  his  history  bears  much  the  character  of  thti 
thrilling  narrative  of  a  desperate  involuntary  voyage  through  the 
caiinne  of  the  same  river  {which  will  bo  found  in  "  NeiB  Tracla  in 
North  America  ^' )  ;  accompanied  too  by  the  same  aooessories  of 
danger,  includir^  loss  of  life ;  fov  three  of  the  antbur'e  assistants, 
afler  electing  to  leave  their  companions,  and  strike  across  the  countr;, 
rather  than  face  further  obstacles  and  risks  of  the  canon  rapids 
ahead,  are  staled  to  have  fallen  into  the  hnuds  of  Indiana,  and  been 
murdered  by  their  arrows. 

The  whole  length  of  the  Colorado,  with  the  Green  River,  of  which 
it  is  the  continuation,  is  about  two- thousand  miles,  while  the  country 
drained  by  the  Colorado  itself  Is  some  eight  hundred  miles  in 
length,  by  three  to  five  hundred  in  width,  containing  some  three 
hundred  thousand  square  miles.  The  lower  third  of  this  basin  of 
the  Colorado  is  but  little  above  the  sea-level,  though  mountains  rise 
here  and  there  from  two  to  six  thousand  feet.  And  it  is  bounded  on 
the  north  by  bold,  often  vertical,  cliffs.  The  upper  two-thirds  of  the 
basin  is  from  four  to  eight  thousand  feet  above  the  sea,  surroundeil 
by  ranges  of  snow-clad  mountains,  having  altitndee  of  eight  to 
fourteen  thousand  feet  "  All  winter  long  on  its  momiUun- crested 
rim,  snow  falls  filling  the  gorges,  half  burying  the  forest*,  and 
covtiriiig  the  crags  and  peaks  with  a  mantle  woven  by  the  winds 
from  the  waves  of  the  sea — a  mantle  of  snow.  When  the  summer 
sun  oomes.  this  snow  melts  and  tumbles  down  the  mountain -sides  in 
millions  of  cascades.  Ten  million  cascade  brooks  unite  to  form  ten 
thousand  torrent  creeks  ;  ten  thousand  torrent  creeks  unite  to  form 
a  hundred  rivers  beset  wiih  cataracts ;  a  hundred  roaring  rivers  unite 
to  form  the  Colorado,  which  rolls,"  throi^h  its  oaiiDns,  ''a  mad, 
turbid  stream,  into  the  Gulf  of  California." 

Where  one  of  these  streams  traverses  arid  plains,  it  excavates  its 
bed  faster  than  the  general  level  of  the  country  is  reduced  by 
meteoric  abrasion,  and  so  "  cuts  deeper  and  still  deeper  till  ita  banks 
are  towering  cliffs  of  solid  rock,"  forming  a  gorge  which  is  colled  a 
otnim.  "  For  more  than  a  thousand  miles  along  its  course  the 
Colorado  has  cut  for  itself  such  a  caiion,  broken  at  some  few  points, 
where  lateral  streams  join  it.  Every  river  entering  the  main  one, 
every  lateral  creek,  every  brook,  rims  in  a  caiion  ;  every  rill  born  of 
a  shower,  and  horn  again  of  a  shower,  and  living  only  during  these 
showers,  has  cut  for  itself  a  canon ;  so  that  the  whole  upper  basin  of 
the  Colorado  is  traversed  by  a  labyrinth  of  these  deep  gorges."  Some 
of  these  caiioHs  are  not  more  than  twenty  or  thirty  feet  in  width. 
and  from  six  hundred  to  fifteen  hundred  feet  deep.  Others  still 
compaiatively  narrow  have  a  depth  of  more  than  an  English  mile. 
At  one  the  author  was  baffled  from  day  to  day  till  the  fourth  liail 
nearly  passed  before  he  could  find  a  way  down  to  the  river.  "  Low 
mesaa  dry  and  treeless   stretch  back  from  the  brink  of  a   caon, 
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often  sbowing  smooth  surfaoes  of  naked  solid  rook ;  in  some  plaoes, 
where  the  rooks  are  riohly-ooloured  and  variegated  marls,  the  surface 
is  a  bed  of  loose  disintegrated  material,  through  which  one  walks  as 
in  a  bed  of  ashes ;  in  some  the  disintegration  of  loose  sandstone  has 
left  broad  stretches  of  drifting  sand,  white,  golden,  and  vermilion ; 
in  others  conglomerates  have  left  a  paving  of  pebbles  of  many 
colours,  polished  by  the  drifting  sands.  All  the  scenic  features  of 
this  canon-land  are  on  a  giant  scale,  strange  and  weird.  The  streams 
run  at  depths  almost  inaccessible;  lashing  the  rooks  which  beset 
their  channels,  rolling  in  rapids,  and  plunging  in  falls,  and  making 
a  wild  music  which  but  adds  to  the  gloom  of  the  solitude." 

After  the  canons,  the  most  remarkable  features  of  the  country  are 
the  clififs,  bold  escarpments-— often  hundreds  or  thousands  of  feet  in 
height,  scores  or  hundreds  of  miles  in  length — from  the  vertical 
edges  of  which  a  gentle  or  imperceptible  slope  often  leads  to  the 
foot  of  other  c]i£&.  The  regioi^  is  still  further  diversified  by  short 
ranges  of  eruptive  mountains,  the  materials  of  which  issue  through 
a  vast  system  of  fissures,  whence  floods  of  lava  have  poured,  covering 
mesoB  and  table-lands  with  sheets  of  black  basalt.  "  The  expiring 
energies  of  these  volcanic  fancies  have  piled  up  huge  cinder-cones, 
that  stand  along  the  fissures,  red,  brown,  and  black,  naked  of  vege- 
tation, and  conspicuous  land-marks  set  in  contrast  to  the  bright 
variegated  rocks  of  sedimentary  origin." 

Until  the  exploration  guided  by  Professor  Powell,  this  canon - 
country  was  almost  unknown.  Stories  were  related,  of  people  enter- 
ing the  gorges  in  boats,  and  being  carried  d5wn  with  fearful  velocity 
into  whirlpools,  to  be  "overwhelmed  in  the  abyss  of  waters,"  or 
getting  into  "  undergroutid  channels,  and  being  never  seen  again " 
(for  it  was  "believed  the  river  was  lost  under  rocks  for  several 
hundred  miles") ;  again,  of  great  water- falls,  "  whose  roaring  music 
could  be  heard  on  distant  mountain  summits ;"  or  of  "  parties 
wandering  on  the  brink  of  the  canon,  vainly  endeavouring  to  reach 
the  waters  below,  and  perishing  with  thirst  in  sight  of  the  river 
which  was  roaring  its  mockery  into  dying  ears."  But  nothing 
daunted,  the  author  and  his  courageous  assistants  ran  the  whole 
river  in  boats,  or  let  these  over  rapids  by  lines,  making  toilsome 
portages,  calling  the  strange  places  they  found  themselves  in  some- 
times, by  such  strange  names  as  "  HelPs  half-mile,"  "  Canon  of  deso- 
lation," "  Bonita  bend,"  "  Vasey's  paradise,"  "  Dirty -devil  river," 
**Paru-nu-weap,"  or  other  equally  euphonious  Indian  designations. 
At  times  they  lost  their  boats  and  instruments,  or  had  their  pro- 
visions spoiled  by  immersion  in  the  cataracts;  sometimes  they  sat 
perched  all  night  upon  the  rocks  in  drenching  rain,  and  sometimes 
one  of  them  or  more  was  in  such  a  predicament  as  this :  "  The  boat  is 
in  very  swift  water,  and  Bradley  is  standing  in  the  open  compart- 
ment, holding  out  his  oar  to  prevent  her  from  striking  against  the 
foot  of  the  cliff.  Now  she  shoots  out  into  the  stream,  and  up  as  far 
as  the  line  will  permit,  and  then  wheeling  drives  headlong  against 
the  rock ;  then  out  and  back  again,  now  straining  on  the  line,  now 
striking  on  the  rock."     A  second  line  is  brought,  but  he  does  not  a«^ 
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it  being  passerl  to  liim;  he  takes  hia  knife  from  its  aheatb,  and  steps 
forward  to  cut  tLii  line,  evidently  deciding  that  it  is  better  to  go  over 
■with  the  stream  than  wait  for  the  boat  to  be  dashed  to  pieces.  As 
be  leans  over,  she  sheers  into  the  stream,  the  sleni-poRt  breaks  awaj, 
and  she  is  louse,  "  With  perfect  composure  Bradley  eeiKes  the  greai 
BouU-oar,  places  it  in  the  stern  rowlock,  and  pnlla  with  all  hia  power 
(and  he  is  au  athlete),  to  turn  the  bow  of  the  boat  down  stream.  .  . 
One,  two  atrokeg  he  makes,  and  a  third  jiiat  as  she  goes  over.  .  .  The 
boat  ia  fairly  turned,  and  she  goes  down  almost  beyond  our  sight, 
though  we  are  more  than  a  hundred  feet  above  the  river.  Then  she 
comes  up  again  on  a  great  wave,  and  down  and  up ;  tben  around, 
behind  some  great  rocks,  and  is  lust  in  die  mad  white  foam  below. 
We  stand  frozen  with  fear,  for  we  see  no  boat.  Bi-adley  is  gone,  as 
it  seems.  Bnl  now,  away  below,  we  see  aomethin;;  ooming  out  of 
the  waves ;  it  is  evidently  a  boat.  A  moment  more,  and  we  see 
Brndley  standing  on  deck,  swinging  his  hat  to  ehow  that  he  is  &U 
right." 

The  rest  of  the  party  fare  no  better,  their  boat  being  swamped 
(na  often  happens)  in  the  same  rapid ;  but  those  who  held  togetber 
eventually  acoomplish  tbeir  task.  No  wonder,  when  they  emerge 
from  the  grand  canon  of  the  Colorado,  at  the  Grand  Wash  Hiver 
"the  quiet  of  the  camp  is  sweet,  as  ibe  river  flows  by  in  silent 
mojosty,  and  their  jny  ia  almost  ecatacy." 

Of  the  whole  book  the  first  nine  chapters  are  filled  with  descriptive 
details  of  the  exploration,  which — though  varied  by  Indian  legends, 
ftnc!  remarks  nViout  the  present  and  past  inhabitants  of  the  region,  or 
the  ruined  buildings  of  the  latter,  the  diacovery  of  where  a  former 
expedition  had  been  wrecked,  and  so  forth^are,  taken  together, 
almost  lieavily  monotonous,  from  the  r^etition  of  similarities  in  the 
story,  the  burden  of  which  is  clifrs,  cations,  rapids,  and  "buttes,"  and 
the  same  tiling  over  again.  Chapter  ten  is  a  separate  short  report 
on  a  (rip  to  the  mouth  of  Dirly -devil  river,  by  the  geographer  of  the 
party.  Professor  A.  H.  Thompson,  the  two  hundred  and  eighty  milee 
traversed  appearing  to  bear  a  striking  resemblance  to  the  rest  of  the 
region.  The  two  following  chapters  are  devoted  to  the  physical 
features  of  the  Valley  of  the  Colorado,  about  which  more  anon.  And 
the  remaining  sixty-four  pages  are  occupied  by  zoological  papers 
"  On  the  Genera  Qeomgs  and  Thomomye ; "  the  Cranial  and  Dental 
Characters  of  Geomydia.  by  Dr.  Elliott  Cones;  and  Notes  on  the 
Salamander  of  Florida  (Geomyt  Guexa).  by  Professor  Brown  Goode. 
None  of  which  seem  to  have  any  particular  connexion  with  the  sub- 
ject of  the  work  as  indicated  by  its  name  and  title-page. 

It  is  the  chapters  on  the  physical  features  of  the  country  that  will 
most  interest  geological  readers,  and  of  theae  we  may  add  a  few 
woi-da. 

'I'lie  author  starts  with  the  assertion  that  these  features  are  unique ; 
and  some  are  not  rfpriKlnced,  except  to  a  very  limited  extent,  on  any 
other  portion  of  the  aurface  of  the  globe.  Much  of  the  region  ia 
in  the  arid  country  of  the  western  portion  of  the  United  States, 
but    not    altogether    waterless,    judging    from    the    local?    raina 
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deflcribed  in  bis  voyage  down  the  river.  Where  the  streams  are 
permanent,  flood-plains  or  river-flats  are  of  oonrse  found ;  bat  the 
intermittent  torrents  ran  through  deep,  steeply  sloping,  often  im- 
passable channels,  broken  by  falls;  these  narrow  canons  being 
sometimes  inclined  from  the  vertical,  or  so  crookedly  cat,  that  one 
cannot  perceive  the  sky  looking  upward  from  below. 

The  mesoMf  or  rocky  flats  along  the  sides  of  the  rivers,  down  in 
their  gorges  or  caiions,  seem  to  represent  the  flood-plains  or  river- 
flats  of  other  rivers,  and  to  result  from  causes  limiting  for  a  time 
the  vertical  erosion  of  the  stream,  which  therefore  acted  laterally. 

Every  observer  who  has  seen  the  effects  of  atmospheric  erosion 
upon  stratified  rocks  in  regions  of  limited  rainfall  with  long  inter- 
missions, and  many  of  those  who  have  studied  this  agency  in 
climates  where  the  rains  are  more  constant,  will  recognize,  both 
in  the  author's  descriptions  and  in  his  illustrations,  familiar  features ; 
and  there  is  a  certain  amount  of  simplicity  about  the  way  in  which 
he  seeks  to  establish  a  somewhat  mysterious  classification  of  alcove 
lands,  cliff  features,  and  many  forms  of  valleys,  all  of  which  must 
perforce  have  resulted  from  the  long-continued  atmospheric  erosion, 
under  certain  climatal  conditions,  of  a  mass  of  gently  undulating 
or  rather  more  disturbed  stratified  rocks  of  different  textures  resting 
upon  an  older  fundamental  series — in  short,  though  the  examples 
are  of  high  interest,  there  is  nothing  told  of  the  configuration  of  the 
country  that  would  not  have  been  expected  from  the  combination 
and  reaction  of  atmospheric  and  geological  structural  conditions. 

When  this  great  river  is  found  running  at  and  across  the  Uintah 
mountain  chain,  up  which  it  never  could  have  climbed,  yet  dividing 
it  to  the  very  heart,  the  inference  is  plain  that  the  river  existed 
before  the  mountain  chain  did,  and  that  the  mountains  are  features 
of  erosion  as  much  as  the  river-valley  itself.  Our  author  goes 
further,  however,  and  declares  that  the  river  did  not  cut  its  way 
down  through  the  mountains  from  a  height  of  many  thousand  feet, 
but  that  the  mountains  were  lifted;  while  the  river,  remaining 
at  much  the  same  level,  cleared  away  the  obstruction  by  cutting 
a  canon.  He  likens  the  action  to  that  of  a  log  out  by  a  saw-mill, 
where  fresh  parts  of  the  log  are  continually  opposed  to  the  saw — 
represented  by  the  river.  This  action  the  author  calls  "  corrosion," 
but  while  the  elevation  is  stated  for  a  fact,  the  reasons  for  his 
opinion  that  this  exceptional  cause  was  simultaneously  in  operation 
are  not  detailed  ;  and,  though  he  admits  an  enormous  amount  of  the 
rocky  surface  of  the  country  to  have  been  denuded,  he  would 
suggestively  involve  possible  changes  in  the  level  of  the  sea  by  con- 
traction of  the  earth  or  other  cosmic  changes,  rather  than  allow  that 
these  great  caiions  could  have  been  excavated  simply  by  the  dis- 
charge of  the  surface  waters.  Faults  he  has  found  coinciding  with 
lines  of  cliffs,  but  he  traces  no  direct  connexion  between  them  and 
the  canon  features. 

An  attempt  is  made  to  classify  all  the  valleys  by  their  relation  to 
the  curvature  or  position  of  the  strata  which  they  traverse,  which  at 
the  outset  must  be    weak,  because  these  relations  mAi'^  \^  Q^>Xf^ 
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accidental,  and  it  ie  ncit  necessary  tlitit,  in  order  for  valleya  to  exist. 
the  rocks  should  be  etrncilied  at  all.  A  diaelinal  valley  is  thus 
described  as  one  cutting  across  a.n  anticlinal  fold;  but  as  this  is 
found  to  include  two  of  tbe  other  ayateraB  of  the  author — namely, 
ealadinal,  in  the  direction  of  the  dip — and  anaeliital,  ninning  agaioat 
the  dip  of  beds — the  subject  is  hardly  worth  following  further  than 
to  soy  that  possibly  some  such  names  as  a  "  egneliaal  valley,"  Le.  one 
running  on  the  axis  of  a  eynclinal  fold  or  its  converse,  might  be 
found  useful  as  abort  descriptive  terms,  if  dissociated  from  the  idea 
that  their  enisteoco  vras  duo  t*  any  law  connected  with  the  folding 
of  beds,  rather  than  to  accidental  circa  Distances. 

As  far  as  the  geology  of  the  region  can  be  gathered  from  these 
pages,  it  appears  that  the  country  has  a  basement  of  granitic  of 
metamorphic  rooks  called  granite  by  the  author,  Ihougb  he  tella  us 
they  are  not  granite,  but  crystalline  schist*,  with  dykes  and  beds  of 
greenstone  and  granite ;  these  are  Buccoeded  by  unconformable  beds 
of  vitreous  sandstone  10,000  feet  in  thiokneas,  again  nnoonformably 
overlain  by  several  thousands  of  feet  of  the  Carboniferous,  Triasaic, 
(possibly),  Jurassic,  Cretaceous,  and  Tertiary  formations. 

Ilie  volume  is  accompanied  fay  a  sketch-map  of  n  part  of 
the  country  explored,  and  a  profile  showing  the  relative  difference 
in  the  form  and  elevation  of  the  ground  adjoining  the  Colorado  and 
MissisKippi  rivers.  It  is  to  beweloomedas  an  important  contribudon 
to  our  knowledge  of  a  highly  interesting  terra  ineogmla,  and 
perbnps  as  an  earnest  of  further  geological  details,  for  which  the 
autbor  appeftrs  to  have  collected  materials,  which,  read  by  iLe  light 
of  modem  and  moderate  information,  may  prove  a  valuable  addition 
to  recent  research. 

II. — Ceitioal  Obbkbvationb  on  Thiodies  of  thb  Eabth'b  Physical 
EvoLCTiON  (ooncluded).    By  CapL  C.  E.  Ddtton,  U.S.A.    (The 
Penn  Monthly.     Philadelphia,  June,  1876.) 
Second  Noliee. 

THE  first  part  of  these  "  Observations,"  which  appeared  in  the 
May  number  of  the  Penn  Monthly,  was  notiuKl  in  our  last 
issue.  The  concludiog  portion  bos  siuce  been  published,  and  our 
readers  will  no  doubt  be  interested  to  learn  what  Captain  Dutton 
has  to  offer  in  place  of  the  "  contract! on al  hypothesis,"  against 
which  be  has  advanced  so  many  weighty  objections — remarking 
by  the  way  that  these  objections  Ue  not  so  much  against  every  form 
of  the  "  constructional  hypothesis,"  as  against  those  which  attribute 
the  diminution  of  the  earth's  volume  to  mere  cooling  ;  and  especially 
to  that  which  assumes  the  cooling  to  have  afiectcd  a  solid  earth,  devoid 
of  any  liquid  substratum  beneath  the  superficial  crust.  They  will, 
upon  perusal  of  what  follows,  probably  agree  with  us,  that,  although 
in  his  former  article  he  declines  claiming  for  his  forthcoming  views 
the  dignity  of  a  theory,  they  nevertheless  deserve  that  appellation. 

Eejecting  the  contractional  hypothesis,  and  assuming  that  the 
cooling  of  the  earth  is  still  in  ila  earlier  stages,  it  will  follow  that 
alternations  of  emergence  and  submergence,  and  thoae  elevations  and 
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depTOBsbns  wbioh  oooasion  the  irregular  profiles  of  the  earth's 
sarfaooy  have  not  been  relative  movements  due  to  a  variable  amount 
of  ocmveigenoe  towards  the  earth's  oentre,  but  have  been  abuiUUe — 
now  upwards  and  now  downwards.  Plateaux  and  oontinents  are  true 
upliftsy  and  ooean  bottoms  are  true  subsidenoes.  Now  if  we  regard 
any  uplifted  area  at  the  surface  as  being  the  base  of  aoone  having  its 
vertex  at  the  earth's  oentre,  suoh  an  uplift  [if  absolute  and  not  relative] 
would  involve  an  increase  in  the  volume  of  the  oone.  But  volume  is 
the  quotient  of  mass  by  density.  Therefore  an  increase  of  volume  must 
be  attended,  either  by  an  increase  in  the  quantity  of  matter,  or  by  a 
decrease  of  the  density  of  the  cone,  or  by  both  together.  The 
problem  thus  becomes  narrowed  to  the  inquiry  whether  by  any 
processes  a  rising  area  can  receive  an  accession  of  mass,  and  a  sinking 
area  lose  mass ;  or  else  respectively  lose  and  increase  in  density. 

Although  deposition  and  denudation  may  add  or  subtract  matter 
finom  an  area,  these  changes  will  not  account  for  the  facts  to  be  ex- 
plained. The  addition  or  subtraction  of  matter  must  be  in  the  sub- 
terranean regions  if  it  exist  at  all.  We  may  here  have  recourse  to 
the  suggestion  of  Babbage  and  Sir  J.  Herschel,  that  the  sea-bottom, 
becoming  overloaded  by  material  denuded  off  the  neighbouring 
land,  the  plastic  matter  supposed  to  exist  beneath  is  protruded  in  the 
direction  of  least  resistance,  that  is  towards  the  unloaded  land. 

Thus  a  static  equilibrium  is  maintained,  and  the  problem  becomes 
a  hydrostatic  one.  For  it  is  quite  clear,  that  if  the  crust  of  the 
earth  rests  everywhere  upon  a  liquid,  or  even  considerably  plastic 
support,  the  altitude  of  every  portion  of  it  is  determined  solely  by 
the  laws  of  hydrostatic  equilibrium.  But  the  utmost  that  the  move- 
ments arising  from  this  cause,  as  at  present  alleged,  could  effect 
would  be  the  maintaining  of  the  respective  areas  at  their  old  levels, 
in  spite  of  denudation  on  the  one  hand  and  the  deposition  and  building 
up  of  strata  on  the  other.  It  does  suggest  a  mode  by  which  a  land 
area  may  receive  beneath  it  an  accession  of  mass,  but  only  to  a  very 
limited  extent ;  and  how  an  oceanic  area  may  lose  mass,  but  only  to 
an  amount  equivalent  to  the  gain  in  stratification. 

There  is  another  way  in  which  the  required  additions  of  mass 
may  be  conceived  to  occur,  and  that  is  by  the  permeation  of  water. 

There  is  a  general  tacit  assumption,  that  in  the  progress  of  the 
evolution  water  gradually  penetrates  into  the  profounder  depths  of 
the  earth,  and  into  the  presence  of  the  primal  heat  In  this  manner 
have  been  explained  the  large  quantities  of  water  brought  up  by 
lava,  and  incorporated  with  it,  and  the  veins  filled  by  minerals 
precipitated  from  watery  solution.  This  penetration  is  commonly 
believed  to  be  effected,  not  solely  by  the  way  of  fissures  and  cracks, 
but  to  include  the  complete  permeation  of  the  rocks  by  water :  else 
how  could  lavas  be  supersaturated  with  it,  metamorphism  effected  by 
it,  and  mineral  veins  filled  by  segregation  from  the  rock  walls  or 
from  below  ?  But  it  is  usually  supposed  with  apparent  justice,  that 
the  penetration  is  limited  as  to  depth  by  the  repulsive  power  of 
heat,  which  increases  at  a  rate  sufiiciently  rapid  to  overcome  at  a 
greater  or  less  depth  the  effect  of  pressure  to  keep  it  Qthe  water\vQL 
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a  lifjuid  slate.  Yet  this  limit  is  presumably  receding  with  tbe 
secular  cooling  of  the  earth  into  lower  depths.  Whether  the  inverse 
procesB^ — the  elimination  of  water  from  the  lower  depths  to  whidi 
they   may   have    penetrated — is    posaible,   thereby   constituting    » 

diminution  of  mass,  is  a  question  which  will  be  alluded  to  further  on.' 
Having  thus  alluded  to  causes  leadiug  to  change  of  maat,  the 
author  proceeds  to  discuss  those  which  may  affect  the  dentity,  wid  it 
is  here  that  the  novelty  of  his  suggestions  appe-are. 

Change  of  density  due  to  secular  cooling  aione  has  been  shown  to 
be  unimportant.  Yet  there  is  another  poesible  cause  which  seemi 
to  have  been  quite  overloolced,  and  if  it  should  prove  to  be  a  rera 
eatiBo,  its  importance  will  be  immense.  It  haa  lately  been  eetah- 
liahed  that  water,  under  requisite  conditions  of  heat  and  temperature, 
has  a  powerful  chemical  reaction  upon  the  materials  of  which  the 
ordinary  rocks  are  oorajMised.  M.  Daubree  enclosed  various  minerals 
in  thick-walled  tubes  of  iron  oontaining  water,  and  sealed  bermeti- 
cnlly  by  welding.  The  tubes  were  then  exposed  to  temperatures  of 
600"  F.  and  more,  for  a  number  of  days,  and  after  cooling  were 
opened  and  examined.  It  was  found  that  the  water  hod  acted  very 
energetically  upon  the  enclosed  substances,  breaking  up  their 
original  combinatioaa,  and  that  new  crystalline  sulistances  had  been 
formed.  Thus  common  glass  aad  clay,  which  contain  the  chief 
elements  which  make  up  the  rooks  of  the  earth,  were  converted  into 
felspar,  mica,  quartz,  and  hornblende,  which  are  the  chief  minerals 
of  (ho  crystalline  rocks.  Tiieae  experiments  wore  quickly  followed 
by  others  of  a  similar  character,  all  leading  to  tbe  same  conclusion — 
that  water  reacts  energetically,  even  at  moderately  elevated  tem- 
peratures, upon  minerals  which  are  not  sensibly  attacked  by  it  at 
lower  ones ;  and  that  siliceous  compounds  in  a  vitreoua  condition, 
like  glass,  obsidian,  and  many  lavas,  aa  well  as  many  materials 
which  are  found  in  sedimentary  rocks,  are  broken  up  and  recon- 
structed into  new  crystalline  forms.  Metamorphism  tneo  doea  not 
require  a  temperature  sufficient  to  produce  dry  fusion.  The  required 
changes  may  take  place  at  a  heat  below  redness,  though  it  can 
hardly  be  doubted  that  the  reaction  of  water,  and  its  solvent  power, 
increase  with  the  heat,  so  long  as  the  pressure  is  sufficient  to  keep 
it  in  its  liquid  form.  In  tbe  course  of  these  experiments  it  was 
observed  that  the  minerals  in  their  transformation  exhibited  changes 
of  density,  which  were  sometimes  surprising.  It  is  considered 
probable  that  minerals  in  this  state  of  "  hydrothennal  solution  "  are 
swollen  and  bulky,  taking  a  form  similar  to  that  presented  by  silica 
in  tbe  gelatinous  condition,  and  alumina  in  tbe  hydrated  state. 
These  hydrated  minerals  are  of  a  considerably  lower  specific 
gravity  than  their  corresponding  crystals,  and  in  general  all  earthy 
materials  are  less  dense  in  the  amorphous  (uncryatolline)  than  in  the 
crystalline  state.  The  admixture  of  water  would  obviously  render 
the  former  still  less  dense,  and  such  is  known  to  be  the  case. 

'  Wb  do  not  however  perceiTB  that  this  question,  to  which  »«  are  dispoied  to 
■ttribute  great  importnnce,  belieriag  with  the  late  Mr.  Scrope  that  toe  watfr 
tiimUiMed  by  volcanoi  is  an  original  constituent  of  the  nncleiia,  hai  bmn  adrnjoalelj, 
iltt  ail,  dtscuawd  bj  Captain  Duttoa. 
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In  this  h  jdrothermal  iM^tion  then,  Oaptain  Dutton  finds  a  probable 
cause  for  obanges  in  the  density  of  the  nether  rocks.  A  decrease  of 
density,  accompanied  with  an  e^>9nsioQ  <^  Tolumei  should  occur 
when  water  finds  access  to  them  at  high  temperafcures ;  an  increase 
of  density  with  diminished  folume  should  take  place,  when  from 
any  cause  new  and  stable  crystalline  compounds  are  formed.  In 
truth  any  chemical  change  below  the  surface  of  the  earth  should  be 
accompanied,  as  all  reactions  are,  by  changes  of  volume  in  the 
reagents.  Between  the  amorphous  and  crystalline  states  of  common 
minerals,  the  change  would  average  one-tenth,  or  one-eighth,  and 
would  be  materially  increased  by  the  addition  or  loss  of  water — a 
change  fiir  exceeding  that  which  would  result  fitom  any  probable 
change  of  temperature* 

Masses  of  cxystalline  rocks,  whidi  have  been  subjected  to  hydro- 
thermal  action,  show,  by  the  convolution  of  their  layers,  that  they 
have  been  evidently  rendered  plastic  by  such  action;  while 
lavas  are  quite  liquidl  Daubr^  believed  that  this  plastic  condition 
might  exist  at  as  low  a  temperature  as  GOO^  F.  The  same  con- 
clusion may  be  reached  by  the  consideration,  that  sedimentary  rocks, 
while  undergoing  metamorphism,  have  been  evidently  rendered 
plastic,  and  it  is  impossible  that  they  can  have  been  buried  deep 
enough  to  have  been  so  reikdered  by  heat  in  the  dry  way. 

The  author's  theory  consequently  rests  upon  the  basis  of  the 
following  propositions.  1.  The  hydrothermal  theory  of  meta- 
morphism is  taken  for  granted.  2.  That  process  consists  in  an 
intensified  solvent  power  o(  water  over  rock  materials  under  great 
pr^ure,  and  at  a  temperature  approaching  to  redness.  3.  This 
state  of  silica,  alumina,  eta,  is  presumed  to  be  essentially  the  same 
as  when  those  oxides  are  obtained  in  the  laboratory  in  Uie  soluble 
hydrous  condition,  in  which  their  specific  gravity  is  considerably  less 
than  in  the  crystalline  anhydrous  form.  4.  Hence  it  is  inferred,  that 
the  condition  of  hydrothermal  solution  is  attended  with  a  large 
diminution  of  specific  gravity.  5.  Inversely,  a  fall  of  tempera- 
ture, or  deci^ease  of  pressure,  is  followed  by  the  crystallization  of  the 
materials,  and  an  increase  oif  density. 

If  the  deeply  buried  rocks  are  composed,  like  those  at  the  sur&ce, 
of  silica,  alumina,  and  the  alkaline  and  earthy  bases,  it  would  require 
but  a  very  moderate  degree  of  expansion  to  render  their  specific 
gravity  less  than  that  of  the  rooks  above  them.  If,  when  in  this 
expanded  condition,  they  become  also  plastic,  then  the  strata  resting 
on  them  will  be  in  unstable  equilibrium. 

So  long  as  the  foundations  of  the  [upper]  strata  are  rigid,  or 
denser  than  them,  expansion  would  be  attended  by  no  further  dis- 
turbance than  a  vertical  upward  movement,  and  such  minor  com- 
plications as  might  arise  from  inequality  of  the  process,  or  of  dis- 
tribution of  the  load.  But  as  soon  as  the  density  of  the  underlying 
layer  becomes  less,  a  new  order  of  movements  must  ensue.  It  has 
already  been  remarked  that  the  coherence  of  a  mass  of  strata  of  great 
extent  is  practically  nothing.  In  masses  of  less  extent,  as  in  a  single 
mountain  ridge,  it  would  be  appreciable.    Hence  under  th:^  Q(ycA^^i^^^ 
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of  unstable  equUibrium  assumed,  a  large  extant  of  crust  would  diride 
sad  subdivide  it«elf,  until  tbe  fragmeots  were  small  enoagb  to  jz^ive 
an  appreciable  value  to  their  coherence.  The  directions  of  the  lines 
of  fracture  would  be  determined  bj  the  inoqualiUes  of  the  distribu- 
tion of  deposit.  The  problem  thus  becomes  a  hjdrostatio  one.  Tbe 
ases  of  maximum  deposit  become  the  axes  of  future  synclinals,  and  the 
axes  of  minimum  deposit  mark  tbe  positions  of  future  anticlinaU. 
The  heaviest  portions  sink  into  the  lighter  colloid  mass  beneath,  pro- 
truding it  ktorally  under  tbe  lighter  portions,  where  by  its  lighter 
density  it  tends  to  accumulate.  These  movements  are  the  plainest 
sequences  of  well-known  hydrostatic  laws,  which  we  cannot  hesitate 
to  accept  if  we  accept  the  premisses.  The  resulting  movements  would 
be  determined,  first  by  the  amount  of  difference  in  the  densities  of 
the  upper  and  lower  masses,  and  secondly  by  inequalities  in  the 
thickness  of  the  strata.  The  forces  now  become  adequate  to  the 
building  of  mountains,  and  the  plications  of  strata ;  and  their  modes 
Of  operation  agree  with  tbe  classes  of  facts  ah'eady  set  forth  as  the 
concomitants  of  those  features.  Such  ia  Captain  Dutton's  theory, 
which  he  next  proceeds  to  apply  to  plioatious^to  "  mountaiii  build- 
ing"— and  to  volcanos. 

When  once  indicated,  the  consequences  of  this  theory  can  bo 
followed  out  by  the  geological  thinker ;  but  at  the  risk  of  tedions- 
nese  it  seems  but  right  to  relate  the  author's  own  application  of  it  in 
tbe  more  important  oases. 

Wherever  loads  of  sediment  become  heaviest,  there  they  sink 
deepest,  protruding  the  colloid  magma  beneath  them  to  tbe  adjoining 
areas  which  ore  less  heavily  weighted,  farming  at  onoe  both  tpn- 
clinals  and  antiolinals.  The  disturbance  would  be  in  proportion  to 
the  difference  of  deneitiea  of  tbe  upper  and  lower  portions,  and  to 
tbe  plasticity  of  tbe  latter.  Hence  would  arise  (1)  low  undulations, 
which  occur  where  the  bedding  is  less  unequal ;  (2)  larger  features, 
as  in  the  Jura  and  Appalachians,  where  heavy  bMS  of  deposit  have 
accumulated  rapidly  in  long  and  narrow  belts.  These  have  subsided, 
forming  troughs,  in  which  the  sediments  have  continued  to  gather, 
and  augment  the  disturbing  causa  The  material  displaced  by  the 
sinking  masses  must  have  been  driven  beneath  the  antiolinals,  turn- 
ing up  their  edges  with  increasing  inclination,  and  pushing  up  higher 
the  strata  above  them  In  this  position  the  two  branches  of  the 
inclined  strata  form  great  top-heavy  masses,  with  a  powerful  ten- 
dency to  greater  inclination  ;  and  the  great  blocks  may  even  become 
inverted.  By  the  theory  he  also  seeks  to  explain  the  fact,  that  the 
steeper  inclination  of  the  dips  in  the  coast-range  of  California,  and 
in  the  Appalaobiane,  is  from  the  area  of  chief  deposit  towards  what 
was  the  lightened  land,  from  whose  denudation  the  materiala  were 
derived.  (3)  We  have  mountain  building.  All  typical  mountains, 
consisting  of  granitoid  cores  protruded  tbrongh  strata,  and  towering 
above  them,  stand  upon  lofty  tables.  Suoh  monntains  are  quite 
unknown  in  low  countries,  being  a  series  of  sharp  pinoaolefl  and 
ridges  planted  upon  a  broad  expanse  of  high  lands.  Tbe  uplifting  of 
the  regional  belts  [of  high  land]  on  which  they  ooour,  by  oolumDar 
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expansion  of  tbe  underlying  magma,  involves  al  onoe  the  oondosion, 
that  the  magma  must  ultimately  reach  a  degree  of  density  muoh 
lees  than  that  of  the  overlying  rocks,  which  break  up  into  prisms  or 
folds,  and  sink  or  recoil  away  from  the  axis  of  the  rising  colloid 
mass.  The  objection  might  be  raised,  that  the  materials  of  mountain 
cores  are  now  as  dense  as  those  of  the  adjoining  strata,  and  where 
they  are  cold  and  crystalline,  they  are  so.  Bat  according  to  this 
argument,  the  case  is  quite  different  at  an  inconsiderable  depth. 
Beneath  the  mountain  crests,  the  colloid  mass  preserves  its  greater 
volume  near  to  the  surface ;  beneath  the  adjoining  strata  it  has  been 
protruded  laterally  away  and  extravasated ;  the  quantities  of  matter 
in  the  two  columns  being  equal.  Of  this  an  indication  is  found  in 
the  very  rapid  rate  of  increase  of  temperature  with  depth  whidi  is 
found  in  mines  sunk  in  the  granitoid  oores  and  flank,s  of  such 
mountains. 

Yolcanos  are  the  extreme  cases  of  an  extreme  class.  The  alliga- 
tion of  a  large  quantity  of  water  in  the  lava  renders  it  of  oorapara- 
tively  small  specific  gravity,  and  it  needs  for  the  expelling  force, 
even  from  a  lofty  summit,  only  the  weight  of  the  strata  whidi  cover 
the  liquid  reservoir.  Yolcanos  occur  where  hydrothermal  lavas 
exist,  and  are  displaced  by  the  subsidence  of  sediments.  Hence 
thdir  situation  in  mid  ocean,  or  on  its  shores,  or  even  upon  the 
shores  of  inland  lakes,  where  deposits  are  going  on  abundantly. 
And  the  author  illustrates  this  view  by  several  American  examples. 
Perhaps  as  good  a  sample  as  any  is  the  Uintah  range.  Disregarding 
the  enormous  Cretaceous  deposits,  the  fresh-water  Tertiaries  turned 
up  on  the  flanks  of  these  mountains  are  10,000  feet  thick.  That 
these  beds  subsided  by  their  gross  weight  as  rapidly  as  they  grew, 
admits  of  no  shadow  of  doubt  The  mountain  cores  against  which 
they  recline  are  rocks,  which  give  every  indication  of  having  been 
extravasated  upwards.  What  became  of  the  matter  displaced  by 
the  sinking  strata,  and  whence  came  the  displaced  matter  which 
slopes  down  to  their  upturned  edges,  and  how  can  the  conclusion  be 
avoided  that  they  are  one  and  the  same  ?  If  it  be  objected  that  the 
greater  altitude  of  the  mountains  should  overbalance  the  weight  of 
the  lower  strata,  the  reply  is :  The  mountains  are  there,  and  at  their 
feet  are  the  sunken  strata.  Grant  that  the  density  of  the  mountains 
is  less,  and  the  argument  becomes  a  demonstration.  Conformably 
to  this  view,  the  position  of  volcanos  around  tbe  outskirts  of 
maximum  sediments,  which  are  usually  shore  deposits,  becomes  a 
normal  one.  The  liquidity  of  lavas  renders  their  extravasation 
easy  at  the  points  of  greatest  relief,  where  rents  are  most  liable  to 
oocur ;  and  their  lower  density  is  a  sufficient  reason  for  the  altitude 
at  which  they  are  poured  out. 

Captain  Button  does  not  claim  for  the  above  argument  that  it  is 
a  solution  of  the  general  problem  of  the  evolution  of  the  earth's 
physical  features,  but  intends  it  as  an  attempt  to  indicate  a  highly 
important  consideration  hitherto  neglected.  And  he  considers  that 
it  rests  upon  facts  of  geological  structure,  that  are  held  to  admit  of 
no  other  possible  interpretation. 
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GeologisU  will  probably  looi  to  the  author  to  show  that,  as  he  has 
provL'd  tbe  iDadeijuao;  or  the  costractional  theory,  as  usually  under- 
st»od,  6o  he  will  eetablisb  by  some  calculallou.  based  on  prubable 
values  of  the  thickness  of  rocks  affected,  and  of  tbe  cbangea  af 
deoaity  due  to  hydrothermal  action,  that  the  inequalities  of  the 
earth's  surface  are  not  of  greater  magnitude  than  his  theory  would 
aocoant  for. 

COH-HESIPOinDEIiTCE. 

THE  SILUHIAN  HOrKS  OF  THE  L.1KE  DISTRICT, 
SiK, — My  time  at  present  is  too  much  occupied  with  my  official 
dnties  to  answer  Mr.  Hicks's  letter  in  the  lost  Geological  Hao.  iU 
any  length.  Besides,  the  results  of  my  survey  of  the  Silurian  Bock«  of 
the  Lake  District  mnst  be  recorded  on  tbe  maps  and  in  tlie  memoira 
of  the  Government  Geological  Survey.  But  I  should  like  to  know 
from  Mr.  Hicks  if  it  is  from  the  fossil  evidence  or  from  a  careful 
strati grapliical  survey  of  the  rooks  of  the  Lake  District  that  he  speaks 
so  confidently  of  their  position.  If  from  the  former,  there  is  the 
danger  of  arguing  in  a  circle.  Certain  beds  were  supposed  to  be 
Lower  Silurian,  therefore  the  fossils  collected  from  these  beds  were 
considered  Lower  Silurian  fossils;  and  so  now  these  beds  are  called 
Lower  Silurian,  because  they  contain  Lower  Silurian  fossils.  But 
if  a  careful  stratigraphical  survey  went  to  show  that  these  beds  were 
connected  with  the  Upper  and  not  the  Lower  Silurian,  the  fossils  in 
these  beds  would  no  longer  be  characteristic  of  Lower  Silurian. 

I  feel  confident  thiit  the  Stockdale  shulea  of  the  Lake  District  are 
the  equivalents  of  the  Tarannon  shales  of  Wales,  and  the  Coniston 
grits  and  flaga  equivalent  to  the  Denbighshire  grits  and  flags,  and 
that  the  Tarannon  shales  of  Wales  overlie  the  Llandovery  rocks. 

H.M.  Geiil.  SuhtEx,  Eimdal,  W.  TiiLBOT  AVKLIKK. 

Juiy  S,  1876. 


THE  EE08I0N  OF  LAKE-BASINS  BY  GLACIEE3. 
SiB, — Some  of  Mr.  Fisher's  interesting  remarks  on  the  excavatoiy 
action  of  glaciers  seem  to  call  for  a  few  words  of  reply.  It  is 
quite  true  that  the  "possibility  of  the  erosion  of  a  great  lake  by  a 
glacier  has  not  been  dbproved,"  and  that  observations  made  on  tbe 
Swiss  glaciers  now  cannot  do  it ;  but  these  observations  (and  that  is 
all  I  have  ever  contended)  may  render  the  theory  probable  or 
improbable.  I  doubt  whether,  in  the  sense  in  which  we  both  should 
use  the  word,  proof  would  ever  in  any  case  be  possible.  Mr.  Fisher, 
however,  seems  not  to  have  apprehended  the  point  on  which  I  have 
always  laid  most  stress  in  my  reasoning  (which  did  not  fall  within 
the  scope  of  my  last  communication  to  you),  viz.  that  the  great 
majority  of  Alpine  valleys  show  no  tendency  to  lake-basins,  in 
places  near,  but  above,  the  present  lakes ;  where  the  conditions  of 
fllaoial  action  must  have  been  as  nearly  as  possible  tbe  same  as  over 
the  ana  of  the  basin,  that  is  to  say,  that  if  you  ascend  a  valley  from 
the  head  of  a  lake,  you  often  find  it  throughout  a  true  vtJley  of 
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riYer  erosion,  only  very  raperfioiAlly  modified  by  glacial  action. 
Sarely  the  glacier  would  bare  '*  tried  its  prentioe  band  "  now  and 
then  before,  for  example,  ezoaTating  06mo. 

I  demur  to  Mr.  Jnsb^s  statement  that  if  a  glacier  would  be 
competent  to  deepen  a  lake  basin,  it  could  no  doubt  originate  it. 
This  may  be  only  to  say,  ^if  a  thing  can  be  done  undar  very 
fayourable  ccmditionsi  it  can  be  done  mider  all  conditional"  wbidi, 
as  it  seems  to  me»  is  not  a  safe  conclusion.  Besides,  if  a  basin  exists 
into  which  the  glacier  deacendsy  WluU  sMMk  A^  hotmf  I  may 
grant  that  a  whetstone  sharpens  a  rssor,  but  doubt  wlisttiar  it  is 
usually  ttie  tool  with  which  rasors  are  made. 

Wiui  regard  to  the  latter  part  of  Mr.  Usher's  letter,  thebnotheses 
wh&di  headyances  are  audi  as  it  is  almost  imposnUe  to  amroye; 
for  it  is  yery  difficult  to  understand  what  woula  be  the  pcooeduro  of 
the  snb^cial  water  in  a  lake-basin.  I  do  not,  bowcTer,  think  that 
under  the  circumstances  there  would  be  much  abrading  action 
exercised  by  the  water  (below  the  leyel  of  the  rim  of  the  basin) 
which  is  passing  between  the  rock  and  the  ice.  A  snbglacial  stream 
usually  either  drills  out  a  tunnel  through  the  ice  or  furrows  a 
channel  in  the  rook  below,  so  that  its  erosiye  action  is  limited  to  a 
small  area ;  what  it  would  do  in  the  case  of  a  lake-basin  I  can  hardly 
say.  Possibly  it  might  continue  to  act  in  the  same  way,  but  if  it  did 
not,  and  a  layer  of  water  were  introduced  between  the  rock  and  the 
ice,  throughout  the  basin,  I  imagine  there  would  be  little  motion  in 
this,  and  it  would  rather  be  unfayourable  to  denudation  and 
fayourable  to  accumulation  of  sediment. 

With  regard  to  Mr.  Hugh  Miller^s  letter,  I  may  remark  that  he 
misses  the  point  that  I,  and  I  think  that  I  may  yenture  to  say  my 
friend  Mr.  Judd,  haye  always  maintained — yiz.  that  because  glacial 
erosion  may  seem  the  simplest  explanation  of  certain  lanM,  therefore 
it  is  to  be  applied  to  certain  ldke$.  Further  I  may  remark  that  the 
infrequency  of  sharp  synclinals  does  not  militate  against  the  sub- 
sidence theory  of  liuces.  Those  who  uphold  this  theory  do  not  re- 
quire sharp  synclinals,  as  Mr.  Miller  wul  find  if  he  will  draw  the 
lakes  on  a  true  scale.  He  has  forgotten  an  argument  often  used  by 
his  firiends.  T.  Q.  Bonnxt. 

9r.  John's  Collxoi,  Cakb&idoi,  Jwm  12, 1876. 


TBTJE  AND  APPAEENT  DIP. 

Sib, — ^Mr.  HiU  is  a  decided  improyement  on  Mr.  Penning,  and  I 
think  I  can  improye  a  little  on  Mr.  Hill.  There  are  many  excellent 
geologists  to  whom  Trigonometry  is  a  sealed  book,  and  who  not  un- 
naturally look  upon  sines  and  cosines,  tangents  and  cotangents,  with 
a  mixture  of  suspicion  and  dislike.  But  all  geologists  know  what  is 
meant  when  the  dip  of  a  bed  is  said  to  be  1  in  6 ;  and  it  will  remoye 
the  alarm  which  trigonometrical  symbols  are  apt  to  raise  in  the 
minds  of  non-trigonometrioal  geologists,  to  be  told,  that,  if  a  bed 
dips  1  in  6,  the  cotangent  of  the  angle  of  dip  is  6. 

Bearing  this  in  mind,  Mr.  Hill's  construction  may  be  thus  simply 
expressed : — 
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hetOa  dip! obtamd  along  two  1mm  A B,  AC,  tig.  l^belins 
and  1  in*;  ma,k»  AB m  taaU,  AGmvmtmuiiaa^Ok;  jmn.BC,»ai 
dnw  AD  paipendionlar  to  BC. 

"DMBa  AhUAa  direotioii  of  tlie  fall  dip,  sod  if  AD  oontaiu  d  miiti 
of  lenfcth,  the  fiiU  dip  is  1  in  d. 


A  simtlAr  oonstmotion  will  givo  the  a]^Mi«nt  dip  in  anj  diraotioD 
when  Uw  fnll  dip  ia  known.  Let  AD  be  the  direotion  aod  lioi 
the  unonnt  of  the  full  dip ;  AB  the  diretdioD  in  i^iioh  the  dip  ii 
reqaired. 

Hake  ADd  naita  in  length,  dnw  DB  p^rpendionlar  to  AD  mett- 
ioffj^  £  in  ^. 

llien  if  ^  it  contain  vnnita  of  length,  the  dip  along  J£ia  1  ins. 

If  the  two  dipa,  inataad  of  bmng  both  towards  or  both  awaj  from 
A,  be  one  towarda  and  one  away  from  A  prodnoe  one  of  the  linM 
ABoT  AC  to  E,  Fig.  2,  make  AB,  AS,  m  and  »  imits  in  Ingtb. 
draw  ..^Fperpendioiuu'  to  SB,  and  ^  j'will  give  the  direotum  and 
amount  of  the  full  dip  aa  in  the  first  case. 


For  Bmall  angles  the  value  of  the  dip  expressed  as  one  in  so  many 
which  corresponds  to  a  given  number  of  degrees,  may  be  obtained 
approximately  by  finding  how  often  the  number  of  d^rees  ia  con- 
tained in  60.  In  the  table  below  the  first  column  givea  the  value 
oorreot  to  two  places  of  decimals  for  the  angle  opposite;  in  the 
P^Qcmd  column  are  the  values  given  by  the  above  approximate  rule; 
in  the  third  the  angle  to  the  nearest  minute  that  oorresponds  to  the 
Talueg  in  the  second;  and  in  the  fourth  the  eiror  committed  by 
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lowing  the  appiozhnato  role.    It  will  be  seen  that  for  angles  less 
ji  15®  this  error  is  always  less  than  one  degree. 
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Explanation. — ^  is  aotoally  1  in  19-08;  the  approximate  rule 
708  it  1  in  20;  1  in  20  is  2°  52' ;  error  from  following  approx- 
late  role  &, 

In  Fig.  1  the  dip  along  A B  is  4°  or  1  in  1430,  the  dip  along  A  C 
15<'  or  1  in  8-73:  ^£=1430,  ilC=  873,  dropping  the  decimals. 
D  is  found  to  be  290.  Henoe  the  full  dip  is  1  in  2*9  or  19®  yery 
arly.  A.  H.  Obxxn.^ 

LiHM,  Jufy  18, 1876. 

MB.  MILNE  ON  FLOATING  ICE. 
Six, — When  comparing  the  altitude  of  an  ioebeig  above  water 
111  the  depth  immersed,  Mr.  Milne  has  not  Bufficiently  considered 
»  oonditions  of  stable  equilibrum.  A  beig  of  the  shape  figured  on 
ge  807  oonld  not  remain  in  that  position,  but  must  turn  over, 
lat  this  would  be  the  case  may  be  seen  by  placing  a  boxwood 
mbednm  (out  of  a  set  of  models  of  crystals)  in  water,  where  it 
n  flosf  only  with  one  of  its  angles  downwards. 
Tim  Jbsition  of  stable  equilibrium  depends  on  the  shape  of  the 
ating  body,  and  on  its  specific  gravity.  The  specific  gravity  of 
sWood  being  about  0*95,  is  so  nearly  the  same  as  that  of  ice,  that 
)  positions  assumed  by  a  floating  mass  of  either  substance  will  as  a 
le  be  almost  identical.  0.  Fishxb. 


THE  OLDEST  FOSSILIFEROUS  ROCKS  OF  NORTHERN  EUROPE. 

Sib, — ^The  evidence  brought  forward  by  Prof.  Linnarsson  in  the 
He  Number  of  the  GsoLoaiOAL  Maqazikb,  as  being  opposed  to  the 
)ws  advanced  by  me,  has  been  already  dbposed  of  to  a  great  extent 
the  papers  in  which  these  views  have  been  propounded.^  That 
of.  Linnarsson  is  unable  to  put  forward  stronger  evidence  in  op- 
sition  to  these  views,  is  clearly  a  powerful  argument  in  my  favour, 
d  I  doubt  whether  he  would  have  raised  the  objection  at  all  had 

^  Quart.  Joam.  GeoL  Soc.  vol.  zxxi.  p.  662  $eq, ;  Obol.  Mao.  Dec.  II.  Vol.  III. 
m.  IV.  V.  VI.  J 
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'he  gone  over  the  papers  still  more  carefally.  In  the  pnper  Srat 
referred  to  1  etated  that  io  all  tlie  areas  the  first  sediments  thrown 
down  on  tbe  old  Pre-Cftinbriftn  land  were  either  conglomerates,  grita  ' 
or  wwidstones,  and  which,  being  for  the  most  part  the  result  of  a 
rather  sinideii  encroaohment  of  the  sea  on  land,  on  which  there  wa* 
probably  on  nbundance  of  loose  mnteiial,  would  be  heaped  up  rapidly. 
A  period  of  rest  would  probably  follow  this  rather  sudden  enoroach- 
ment,  and  for  a  while  fine  scdimenta  would  be  thrown  down,  not 
necessarily  as  the  result  of  a  very  deep  sea,  b«t  because  all  material 
would  be  washed  off  tbe  exposed  parta,  aod  marine  erosion  on  the 
hard  rocks  would  yield  but  little  Bediment.  In  the  Weleh  areae  we 
have  evidence  of  several  auch  suocessiens  in  the  sedimonte  even  in 
the  Lower  Cambriam  epoch.  The  finer  deposits  being  separated  from 
each  other  soniettmes  by  great  thidcnesses  of  sandy  or  gritty  materials, 
showing  the  depression  to  have  been  great,  and  that  a  large  land 
surface  had  probftbly  been  then  submerged.  From  this  it  is  dear 
thateaoh  depression  would  cause  the  first  areas  snbmetged  to  beoome 
more  and  more  oceanic,  and  that  each  area  also  at  one  time  or  other 
must  have  been  a  shore-liae.  The  fine  sediments  in  tbe  British  area 
are  of  enormous  thickness  compared  with  those  in  Sweden,  and  that 
they  were  not  heaped  up  rapidly  is  oerlain  from  the  fact  that  the 
range  of  the  species  oontained  in  them  is  often  very  limited  indeed. 
The  following  table  of  the  Lower  Cftmbrian  rocks  will  clearly  show 
the  several  changea  which  took  placo  at  that  time  in  the  Welsh  area, 
and  tbe  snooeasion  of  the  fannae : 

LonBBi  Cambbian.  Thickness  in  itft, 

1.  Conglomeratea  .,..  60-100 

2.  Greeniah  flaggy  Sandstones    ....  ,-.  460 

3.  Red  6ne-gTuned  Sholee  or  SJates  aSbrdiug  tlie  earliest  trac«t  of 

organic  remains,  liz.  LinguUlla,  Dittine,  Ltpirdilia,  etc SO 

4.  Punle  and  greenish  SanditoDes  1000 

6.  TelTowisl^gnj  SandMonei,  Shales  snf  Flags,  csctaming  the  genera 

Piit£tmia,   Ctmaeorypke,  Microditau^  ^tfno4{ur,  I'aradjaidHf   Thecm^ 
Frotoiporwia^  DUsiita,  OboUila,  Linffulella         „.  ...  160 

6.  Grey,  porius  ajid  red  Sandstones,  allemating  with  Slates  and  Shaln 

conlainiiig  most  of  tbe  above-mentioned  genera  (mostly  new  specin)         ISDO 

7.  Grey  flaggy  bedscoataining  Faradoiiilrt  Aurorn,  OiHueerypki bufa,  etc.  160 

5.  Tbe  true  beds  of  the  "Meneviaa  Oroup,"  tor  this  nioet  pui  calcareons 

Flags,  Slates,  and  Shales,  ricbly  fessuiferons  througliout,  but  chiefly 


Now,  l,he  only  species  which  probably  ie  commoD  to  the  British 
and  Swedish  faunas  in  the  Lower  Cambrian  rocks  is  Paradoxidei 
Forehhammeri  (^SieJuii,  Saliter),  and  aa  this  occurs  high  up  in  the 
Alenovian  group,  and  as  eadi  Paradaxidea  also  has  but  a  short 
range  in  the  group,  it  seems  reasonable  to  think  that  the  Para- 
doxide*  schists  in  Sweden  do  not  represent  at  the  most  more  than 
the  Menevian  group.  Hence,  as  there  is  do  evideooe  of  a  previous 
fauna,  it  ^pears  clear  to  me  that  this  was  the  first  fauna  in  that  area 
after  the  first  encroachmeot  of  the  sea,  for  we  have  bat  one  series  of 
sandstones,  and  these  are  ripple-marked,  showii^  shore  eonditions- 
If  Prof.  Linnarsson  could  but  be  brooght  to  recognize  this  view  of 
the  gradual  encroachment  of  tke  sea  from  a  western  or  south- 
treetom  direction  ov«r  the  European  area,  I  am  certain  he  would 
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feel  none  of  those  difficulties  which  now  oooar  to  his  mind,  nor 
wonld  he  bring  forward  a  fossil  like  Dictyanem^  wfaiob  has  so  exten- 
sive a  range,  to  prove  or  disprove  the  oorrelalion  of  oertain  beds.  I 
look  rather  to  the  general  order  of  the  deposits,  and  the  general 
character  of  the  fauna,  for  a  clue,  than  to  one  doubtfal  fossil,  afid  it 
is  on  thisgroomd  that  t  still  maantatn  that  the  Bossian  fannas  are,  as 
far  as  we  can  yet  make  ont,  Silnrian  in  type,  and  not  Oambrian. 

As  to  the  depression  im  the  British  area  being  dependent  upon  the 
volcanic  action,  I  most  remind  Prof.  LinaarssoA  again  that  we  have 
no  evidence  of  volcanic  action  having  taken  place  until  the  Arenig 
period,  or  until  after  the  area  had  been  depressed  to  a  depth  suffi- 
cient to  allow  from  15,000  to  20,000  feet  of  undisturbed  sediments  to 
have  been  heaped  up.  Here  his  aigoment  fiftils  from  mistaking  the 
cause  for  the  result  For  volcanic  actioa  in  this  case  was  undoubtedly 
the  result  of  the  depression,  and  not  the  cause  of  it 

Hkvbt  Hioks. 

A«E  OF  THE  OTOTAEA  FORMATION. 

Sib, — ^In  the  note  by  Dr.  Hector,  attached  to  Mr.  H.  Woodward's 
paper  "On  a  Grab  firom  the  New  Zealand  Tertiary,'*  I  find  the 
following :  **  From  the  comparison  which  this  table  a£fords  with  the 
recent  fauna  of  the  same  area,  the  Ototara  formation  would  seem  to 
have  no  claim  to  a  place  among  Eocene  formations.  This  is  con- 
firmed by  the  occurrence  of  a  few  fossils  t)f  decidedly  Cretaceous 
type,  such  as  Saurian  forms  aad  fragments  of  the  shell  of  Inocera^ 
muB,  and  the  presence  of  many  forms  that  are  associated  with 
decided  Mesozoic  fossils  in  the  underlying  strata."  ^  In  the  table  of 
formations  given  he  makes  the  Saurians  range  up  into  the  Ototara 
series,  and  in  the  section  accompanying  the  note  he  also  shows : 
<'  {k)  Sandstones  with  Saurian  bones.  Ammonites,  etc.,"  near 
Brighton. 

The  members  present  at  the  meeting  seem  also  to  bave  under- 
stood that  Secondary  fossils  oocurred  in  the  Ototara  formation ;  for 
in  the  discussion  Mr.  Charlesworth  asked  "  whether  the  presence  of 
the  few  Cretaceous  fossils  found  in  the  deposit  which  had  furnished 
the  New-Zealand  Crab,^*  etc. 

Now  I  wish  to  point  out  that  no  Cretaceous  fossils  have  as  yet 
been  found  in  the  rocks  containing  Harpactocarcinus  tumidus  and 
PalcBeudyptea  antarcticua ;  and  I  am  not  aware  that  any  Cretaceous 
fossils  or  Saurian  remains  have  ever  been  found  on  the  west  coast  of 
the  South  Island.  I  have  collected  the  fossils  of  the  Ototara  forma- 
tion largely  at  Oamaru  without  finding  ^any  showing  a  Cretaceous 
facies.  F.  W.  Huttok. 

DuinBDDr,  May  6lhf  1876. 

"ESMERILO  PRETO." 
Sib, — Can  you,  or  any  of  your  readers,  kindly  inform  me  what 
was  the  origin  of  the  pebbles  "  Esmerilo  Preto  ?  " 

Padiham,  Prbstow,  Lakcabhibb,  H.  Lappington. 

May  17,  1876. 

^  Quart.  Joum.  Geol.  Soc,  1876,  yoI.  xxxii.  ]^.  56. 
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GEOLOGY   4SD   PALSOSTOLOOT  OF   StTMATKA. 
Sra. — Yon  will  mnch  oblige  M.  Terbeek  by  inserting  Um  wb- 
joined  Erbita  and  CoRKiomDA.  T.  Bcpasz  Joxn. 

Sjiir    CoLl-IOI.    YOBKTOWIC,    SVKUT, 

Aprtlith.  1876. 

Gboi..  Hao.  1BT6,  Xev  Sma,  Dw.  IT.  YoL  U.  (Xo,  1S6}. 
At  page  4TB,  Imn  3t-2fl.  uufeorf  of  "  Tbe  lover  iilimMi  (diiiH,"  n^  IWbm 
portian  unuiitt  of  mart-«I>(c«  ud  tilkeoas  iwhiMi ,  tbi  ikx- 
(Utei  with  aaitfermu  qnuti'iTsna,  vUdk  wotc  fonorl;  tm- 
■idered  lo  beloog  m  Ibe  CarbcmifeioDi  pBiod  bn,  bata^  U 
sDothn-  (olderj  period ;  but  the  age  ii  ntt  iiimiIj  kam^  W 
fowiU  hsiiDf  been  fmuid." 
It  pa^e  4FI2,  line  SE./or  Cbkm  rnuj  Baiw. 
„      t83,  in  Fig.  II. /or  Salok  rtai  f«1ak. 
n  „         /or  Ampalo  riatf  Amp«la. 

„  Fig.  lll./tr  GoCTiana  rearf  Gneoimg. 

„     4B4.  linea  9  ond  22,/or  Singkorah  rarf  Singlunh. 
„      4BB,  line  10.  for  Goeaoeng  ttud  Goevoag, 
„  Udb  33,yt>r  Goeneng  ruil  Goen-oi^. 

„      im,  line  l./or  CspeUan  rtad  Capelles.       . 
Cnnigenda  (or  general  liit  of  Sratafar  vai.for  I8T6. 

Gbol.  Mio.  18T6,  New  Series.  Decwie  U.  Vol.  III.  (So.  141). 
At  page  166.  lino  l.far  Foramiiuferie  rtad  FaramiDifna. 
„      169,  lost  line./sr  reoswlorile  rMif  renMstsrite. 
,.      171,  lint  23,  for  CaHHepiTa  read  OiMriofwri. 

THE  CARRARA  MAJtBLES. 
Sir, — By  way  of  poetBcript  to  the  summarj'  of  recent  TJewB  as  to 
the  age  of  these  bede  which  appeared  \d  Iho  -Tulv  Numlior  of  the 
Gbologioal  Maoazinb,  i  beg  to  be  allowed  to  mention  the  titles 
of  the  following  memoira,  which  bring  the  question  up  to  the  praaeat 
dale.    These  are : 

1.  Part  ii.  of  U.  CuDsnd'a  "  Histoire  de«  Terraina  atntififo  de  I'ltalie  T«ntnle, 

etc."  Part  i.  of  which  formed  the  grnuodwork  of  mj  ritumi.  This  ip- 
peared  barely  a  month  since  in  the  Bull.  Soc.  G*j1.  de  France,  »er.  iu. 
t.  iv.  n,  126. 

2.  "  ConsidersEioni  atratigiafiche  lopra  le  rocce  piil  antiche  delle  Alpi  Apuue'' 

{Rome,  1875),  by  M.  Carlo  de  Slefani. 

3.  "  Un  brano   di   Storia  della  Geologia  toecana  ■  proponto  di  una  recenlc 
publicazione  del  S.  Coqoand  "  (Boll.  del.  K.  Com.  Geol.  1875,  Noa,  5-6). 

la  the  two  latl«r  papers  the  Italian  geologist  announces  the 
discovery  of  fossiliferoUB  limestones  unilerijing  conformably  the 
aaccbaroidol  marbles.  The  fossils  are  not  specifically  determinable. 
but  they  belong  to  the  genera  Cerithium,  Turbo,  BtMoa,  and 
Ckemnilzia,  and  with  them  are  associated  crinoidal  remains.  PrO' 
fessor  Meneghini  considers  these  fossils  as  being  Triassio  rather  than 
Carboniferous,  and  M.  de  Slefani,  doubtfully,  adopts  that  view.  H. 
Coquand,  however,  in  paper  No.  1,  observes  that  the  genera  repre- 
sented are  Carboniferous  as  well  as  Triassic. 

Since  M.  de  Stefani  himself  regards  the  Triassio  age  of  these  beds 
as  merely  possible  and  by  no  means  proven,  and  since  also  he  admits 
a  considerable  portion  of  the  series  as  undoubtedly  Paleeozoic,  we 
shall  probably  not  err  in  continuing  to  follow  M.  Coquand,  and  in 
still  looking  upon  the  statuary  marbles  as  a  whole  as  of  Carboni- 
ferous age.  Especially  as  other  considerations  also  point  that  way. 
Loin  Gbbkn,  Newcabtle-oh-Tvbb,  Q.  A.  Lkbocb. 

6lh  Juix,  1B76. 
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TEUE  AND  APP4EENT  DIP.— FLOATING  ICE. 
., — "The  accurate  rule"  given  by  Mr,  E,  Hill,  \a  the  July 
er,  Gkol.  Mao.  p.  334,  is,  I  believe,  identical  witli  tiiat  given 
B  late  Professor  Phillipa  in  hia  Qitide  to  Geology,  Sth  ed.  (1864), 
3. 

lilat  writing,  1  may  us  well  call  attention  to  what  appears  to  bo 
rprint  in  Mr.  J.  Milne's  paper,  in  the  same  Number.  The 
ion  "  H  =  A  =  1-OSO,"  p.  307,  line  6  from  bottom,  should,  I 
,  be  H  =  ft  X  1-080.  W.  Pbnoblly. 

oust,  ToBQDAT,  6  July,  187S. 

TBXJB  AHD  APPAREHT  DIP. 
1, — I  am  obliged  to  your  correspondent,  the  Rev.  H.  G.  Day, 
is  remarks  on  my  rule*  for  finding  the  direction  of  true  dip. 
<  aware  tbat  there  would  be  a  slight  error  arising  from  the 
Bnoe  between  the  oiroular  measure  of  an  angle  and  the  tangent 
it  angle,  but  in  practioe  the  former  is  much  more  readily  adapted, 
he  error  is  so  small  that  generally  it  may  be  ignored. 
'  friend,  the  Rev.  0.  Fisher,  writes  me,  "  Tour  rule  A  is  correct 
nail  dips  for  all  praotioal  purposes.  It  is  not  necessary  that 
agle  between  the  faoes  of  the  qunrry  should  be  obtuse,  the  rula 
lally  true  whatever  be  the  angle." 

e  modification  Mr.  Day  proposes  for  rule  B  is  an  improvement ; 
t  would  be  better  still,  as  lUr.  Fisher  had  in  the  meantime 
isted,  to  measure  off  a  line  parallel  to  one  face  of  the  quarry 
pply  rule  A  behind  it, — adding,  "you  may  step  it  on  the  ground 
ce,  without  making  a  diagram."  W.  H.  Pxnniho. 

L  Gbolooicai.  Subtet, 
Utk  Jtmi,  1876. 

B8ENCE  OP  LLAHDOVERT  ROCKS  IN  THB  LAXE  DISTRICT. 
I, — 1  venture  to  think  that  Mr.  Hicks's  somewhat  authoritative 
nent  of  Mr.  Aveline'e  opinion — and  Mr.  Aveline's  opinions  are 
■  hastily  formed — with  regard  to  the  absence  of  the  Llandovery 
in  the  Lake  District,  appears  a  little  out  of  place,  when  it  is 
rabered  that  Mr.  Aveline  has  spent  nearly  a  lifetime  among 
ocks  of  Wales  and  their  equivalents  in  Cumberland,  and  that 
Hicks  knows  nothing  of  Cumberland,  though  he  is  jnstly 
ded  as  an  authority  upon  many  of  the  rocks  of  South  Wales, 
g  which  he  has  worked  so  ably  and  successfully. 
MinDot  but  think,  also,  that  the  fossil  evidence,  upon  which  so 
I  stress  has  been  laid,  must  not  be  received  unhesitatingly  as 
ute.  The  presence  or  absence  of  certain  Oraptolites  in  these  old 
:  is  but  imperfect  evidence  at  tbe  best,  so  little  do  we  yet 
'  of  the  life-history  of  this  group,  and  so  mnch  have  recent 
sea  discoveries  shaken  one's  futh  in  the  absolutism  of  palsB- 
ogical  evidence. 

A  Mr.  Hicks  worked  among  the  Cumberland  rocks  the  number 
lars  that  Mr.  Aveline  and  I  have  done,  he  would  not  perhaps 
found  things  so  "  tolerably  cleat "  on  comparing  the  districts  of 
lerland  and  Wales.  J.  Gliftok  Wua. 

Dua,  Jm*  iOth,  187S. 
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Geoj^cical  Scrvby  of  India. — iteHretnent  of  Profeasor  OWliam, 
C.B.,  M.A.,  LL.P.,  F.R.9..  Director  of  the  Geologi«al  Survey  oflndi* 
from  1851  to  1876. — We  regret  to  anDoanco  the  retirement,  caased 
by  ill  heulth,  of  the  Superintendent  of  the  Geological  Survey  of 
Inilio.  During  the  quarter  of  a  century  that  Dr.  Oldbam  has  held  tha 
appointnieDt,  since  the  Survey  was  first  organized  in  fact,  in  \8o\. 
the  operations  which  he  bo  ably  gaided  have  done  nearly  all  that 
has  been  solidly  effected  towards  Uie  development  of  our  Geological 
knowledge  of  the  East  Indies  and  Burmah  ;  and  the  progress  of  tbc 
departmcnt  has  been  well  marked  by  the  issue  of  the  nmnerous  pub- 
lioations — including  tbe  ispleudid  Palteoatologia  Indies — a  li^  of 
which  has  doubtless  been  ofleo  observed  among  our  fly-eheeta,  and 
the  parts  of  which  have  formed  the  subject  of  numeroDS  Notice* 
and  He  views. 

Gther  geolc^cal  work  has  been  done,  hut  of  course  the  Survey 
resTilts  have  been  the  largest  as  well  as  the  most  important,  and  inde- 
pendent observers  have  not  sought  the  assistance  of  its  chief  in  vain. 

Having  just  completed  the  transferor  the  very  extensive  collections, 
the  library,  etc.,  from  the  former  Indian  Geological  Survey  Office  to 
its  new  quarters  in  the  large  Imperial  Museum  of  Calcutta,  he  was 
obliged,  from  the  reciurence  of  an  attack  which  brought  him  home 
on  sick  leave  within  the  last  two  years,  to  forego  further  labours  in 
the  East,  leaving  behind  a  staff  of  colleagoea  who  have  eeen  their 
long  official  connexion  with  him  dissolved  under  these  circumstance  J, 
with  regret.  Tlie  Indian  Government  has  selected  as  his  successor 
Mr.  H.  B.  Medlicott,  not  much  bis  junior  in  the  6er\-ice  ;  under 
whose  highly  competent  and  energetic  direction  we  may  look  for 
continued  successful  progress  in  the  great  work  which  the  Sur\-ey 
has  in  hand. 

Mr.  R.  B.  Foot  fills  the  vacancy  la  the  upper  grade  oansed  by  Mr, 
Medlicott's  promotion. 

Many  friends  will  we  know  unite  with  us  ia  trusting  that  Dr. 
Oldham  may  soon  be  restored  to  health,  and  long  enjoy  the  rest  which 
he  has  so  amply  and  honoui'ably  earned. 

Glacial  Deposits  at  Yoek. — Mr.  J.  Edmund  Clark,  20,  Bootham, 

York,  writes  us  enclosing  a  series  of  photographs  of  sections  of 
the  Glacial  drift  exposed  during  recent  excavations  at  the  Railway 
works,  York.  Nos.  1  and  7  are  particularly  striking  and  fuU  of 
interest.  They  are  all  good  as  photographs,  but  need  a  diagram  or 
coloTirs  to  explain  the  remarkable  way  in  which  some  of  the  beds 
are  folded  and  contorted.  Mr.  Clark  writes : — "  Mr,  Monkhonse, 
Lcndall,  York,  has  photographed  for  me  eight  of  the  sections  dis- 
played at  the  Railway  works  in  beds  of  glacial  drift  They  are 
cabinet-size,  and  clear  ;  height  of  eectiona  3ft.  to  8ft. 
No.  1-4.  Sand  bed,  inclined,  contorted,  witti  intercalated  clap.  Lar^  KTmlebtd 
boulder  in  lili,  in  Na.  1. 

„      6.  Central  land  bed,  as  anticlinal,  aeainit  vhjcb  lean  1-4  on  E.  and  6  on  W. 

„      6.  Beds  at  sand,  houlder?,  and  pebbles,  in  lajers  to  W.  of  6. 

„     7.  An^Iar  mans  of  nand,  aroonf-  bouldera  and  pebblo. 

„      8.  Pebble  heap,  asKrted  by  cnrreut ;  false  t»eddiDg." 


THS 

^EOLOGICAL   MAGA^ZINE. 

NEW   SERIES.     DECADE    II.    VOL.    III. 


Ho.  IZ.— SEFTEKBEB.  1876, 


I. — Ths  Olimats  Oontboysbst. 

By  SsASLSB  Y,  Wood,  Jvn.,  F.O.S. 

IHE  cause  of  changes  in  Climate  during  past  Qeologioal  periods 
having  lately  become,  and  being  likely  to  continue,  a  prominent 
pic  of  interest,  I  have  attempted  here  to  bring  together  the  more 
eminent  features  in  the  controversy,  under  the  idea  that  to  many 
aders,  who  have  not  either  the  time  or  the  inclination  to  more 
)Bely  examine  the  subject,  this  may  be  acceptable.  In  so  doing  I 
ve,  with  one  partial  exception,  confined  myself  to  discussing  the 
Qlculties  which  beset  all  the  various  theories  offered  as  a  solution, 
bher  than  attempted  the  advocacy  of  any  one  of  those  theories  in 
rticular. 

The  following  seven  causes  have  been  advanced,  at  various  times, 
account  for  the  changes  in  Climate,  which  the  evidence  of  the 
3ological  record  proves  have  taken  place  during  that  portion  of 
e  Earth's  history  which  it  covers. 

1.  A  decrease  in  the  original  heat  of  our  planet. 

2.  Changes  in  the  obliquity  of  the  ecliptic 

3.  The  combined  effect  of  the  precession  of  the  equinoxes,  and  of 
e  excentricity  of  the  Earth's  orbit 

4.  Changes  in  the  distribution  of  land  and  water. 

5.  Changes  in  the  position  of  the  Earth's  axis  of  rotation. 

6.  A  variation  in  the  amount  of  heat  radiated  by  the  Sun. 

7.  A  variation  in  the  temperature  of  those  regions  of  space  through 
bich  the  solar  system  has  moved. 

No.  1. — Since  all  physicists  are  agreed  that  the  earth  has  under- 
ne  a  process  of  cooling,  the  main  questions  that  have  arisen  under 
18  head  are:  what  has  been  the  effect  of  this  cooling  upon  the 
nperature  of  the  earth's  surface,  and  whether  evidences  of  such 
frigeration  can  be  traced  in  the  Geological  record  ? 
As  to  the  first  of  these  questions,  a  celebrated  physicist  is  of 
inion  that  the  influence  of  the  earth's  proper  heat  on  climate  is 
t  only  inappreciable  at  the  present  day,  but  must  always  have 
en  80  since  the  condition  of  Uie  crust  allowed  of  the  existence  of 
ie  upon  the  earth.  As  to  the  second,  it  must  be  admitted  that 
ganic  remains  throw  but  little  light  upon  it  Beyond  the  fact  that 
the  present  day  reptile-life  cannot  exist  in  very  cold  climates,  and 
3m8  to  prevail  in  the  direct  ratio  of  the  warmth  of  the  air  or  water 
which  it  lives,  there  is  but  little  to  show  that  the  climates  of  ihsMA 
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earlier  poriods  in  wliicli  that  form  of  life  aWinnded  were  warmw 
than  tbe  climates  of  tbe  Tertiary  group.  So  far  as  the  lower  type* 
of  animal-life  and  the  remains  of  vegetation  fnmiuh  evident*,  ttie 
climate  of  Northern  Europe  during  both  the  Bocane  and  Miocene 
periods  would  seem  to  have  been  as  warm  as  that  of  any  prececUag 
period.  Though  bo  little  evidenoe  ifi  thus,  however,  afforded  by 
organic  remains,  there  is  one  fact  that  eeems  to  me  to  bear  upon  the 
subject  which  I  have  not  seen  alluded  to,  and  it  ie  this,  vis,  the 
effect  of  increased  heat  over  the  earth's  surface  generally  would,  u 
is  well  known,  produce  increased  rainfall,  and,  as  a  consequence, 
more  rapid  atmosphoHo  denudation ;  more  sediment,  that  is  to  ut, 
would  be  carried  down  by  rivers  to  furnish  the  material  for  sedi- 
mentary' deposits  accumulating  around  continental  areas.  Now  if 
we  compare  such  groups  of  rock  as  (he  Silurian  with  Tertiary  gronpi, 
we  are  struck  with  the  smaller  amount  of  change  presented  by  the 
forms  of  organic  life  in  any  given  thickness  of  sedimentary  deposit. 
in  the  case  of  tbe  older,  than  in  the  case  of  the  newer  fonnatioDs; 
and,  ceterta  paribus,  this  would  raise  a  presumption  that  sedimentu^ 
deposit  proceeded  more  rapidly  during  the  earlier  Geological  perio<^ 
than  it  did  during  the  later. 

^0.  2.— It  is  obvious  that  no  alteration  in  the  obliquity  of  the 
eoliptio  would  affect  the  quantity  of  heat  received  from  the  Sun  by  the 
Earth  as  a  whole.  The  effect,  whatever  it  may  be,  would  be  con- 
fined to  the  distribotion  of  this  heat  in  latitude.  There  appears  to 
be  a  nnanimous  opinion  among  astronomers  up  to  tbe  present  time, 
that  Ihe  utmost  limit  within  which  (he  inclinations  of  the  planes 
of  the  efpiator  and  ecliptic  to  each  other  can  vnry  is  less  than  s 
degree  and  a  half; '  a  quantity  that  seems  too  little  of  itself  to  have 
affected  climate  to  any  great  extent,  whatever  bo  the  correct  view  as 
to  tho  kind  of  alteration  which  such  variation  would  produce.  Nor 
would  a  decrease  in  the  obliquity  remove  the  difficulty  offered  by 
long  seasons  of  continuous  night,  which  some  geologists  consider 
irreconcilable  with  the  fossil  vegetation  of  Spitzbergen,  unle«is  it  were 
BO  great  as  to  bring  the  plana  of  the  equator  to  within  a  very  few 
degrees  of  that  of  the  ecliptic.  SpitKbei^n,  lying  in  latitude  80° 
Nort.h,  and  tbe  sun  taking  just  the  same  time  for  its  passage  from 
the  equator  to  the  tropics,  whether  the  obliquity  he  great  or  small, 
the  winter  of  Spitzbergen  would  not  he  very  materially  shortened, 
unless  the  Arctic  circle  were  brought  to  at  least  half  its  present 
distance  from  that  country.  If.  however,  we  suppose  this  to  occur, 
tho  obliquity  being  reduced  from  its  present  amomit  by  as  much  as 
one-third,  it  would  still  leave  Spitzbergen  far  within  the  Arctic 
circle ;  and  its  light -receiving  position  oven  then  would  only  be 
about  the  same  which  that  part  of  Greenland  lying  between  the 
74th  and  7oth  parallels  of  latitude  now  oocupiee.     Such  a  reduction 

'  8ir  C.  Ljel!,  in  hi*  "  Principles,"  gtutsa,  howcTcr,  thnt  Sir  John  Herscbcl 
informeti  him,  that  nithongh  tlie  limit  cdculBted  bj  Laplaps  (1°  21")  wiw  true  u 
rcfrarils  the  Ust  lOO.OLO  ycnrs.  yet  if  milliona  of  years 'were  taken  into  account,  it  km 
conceivable  tbnt  the  variatioa  might  be  found  to  eitenit  lo  three,  or  even  foil 
digrem. 
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the  obliquity,  therefore,  althongh  it  would  take  those  parts  of 
leenland  near  Disoo,  about  latitude  70°,  in  which  a  similar  fossil 
gelation  is  presenred,  out  of  the  Arotio  oirole^  and  consequently 
t  of  the  limits  within  which  darkness  for  any  lengthened  period 
avails,  would  not  remove  the  difficulties  presented  by  the  Spitz- 
r|^n  vegetation  in  any  appreciable  degree. 

Two  writers,  Colonel  Drayson  and  Mr.  Thomas  Belt^  have  lately 
^ed  that  the  Qlacial  period  proper  was  due  to  an  increase  in  the 
liqnity  of  the  ecliptic ;  but  Mr.  Groll  insists  that,  instead  of  an 
arease  of  cold  during  the  year  in  high  latitudes,  or  even  an 
isreaae  of  winter  cold  balanced  by  a  corresponding  increase  of 
mmer  heat  resulting  from  an  increase  of  obliquity,  the  effect  of 
obi  increase  would  be  to  augment  the  warmth  of  the  polar  climate 

a  whole,  by  reason  that  the  further  the  sun  receded  from  the 
nator,  the  more  heat  he  would  during  summer  impart  to  high 
dtudes  at  the  expense  of  low  ones,  while  the  cold  of  winter  would 
»t  be  materially  aggravated  in  high  latitudes  by  his  greater  reces- 
m  on  the  opposite  side  of  the  equator ;  and  he  quotes  Mr.  Meech's 
Icalations  to  prove  that  the  poles  would,  when  the  admitted 
liquity  was  at  its  maximum,  receive  diiring  the  year  nineteen  rays 
r  every  eighteen  which  it  receives  at  the  present  time.  It  seems  to 
e,  however,  notwithstanding  this,  that  there  is  some  fallacy  lurk- 
g  in  the  contention  that  the  winter  cold  would  not  be  augmented 
r  an  increase  of  obliquity  to  the  same  extent  that  the  summer  heat 
3ald  be.  Moreover,  if  the  reasoning  which  Mr.  Groll  uses  to 
"ove  that  there  is  a  cumulative  tendency  in  the  formation  of  ice 
id  snow,  and  consequently  of  cold,  in  relation  to  the  Excentricity 
eory  which  he  advocates,  be  sound,  is  it  not  equally  applicable  to 
e  Obliquity  theory  ?  and  inasmuch,  therefore,  as  the  area  of  the 
>lar  circles,  or  the  area  in  which  ice  and  snow  form  and  remain 
iring  winter,  would  be  increased  by  a  greater  obliquity  (and  this 
.  a  larger  degree  than  the  obliquity  itself),  would  not  the  effect  of 
tat  increased  area,  by  the  cumulative  process,  make  itself  felt  in  a 
moral  refrigeration  of  climate  ?  If  so,  then,  by  parity  of  reasoning, 
diminution  of  this  area  of  cumulative  cold,  by  a  decrease  in  the 
>liquity,  should  produce  amelioration  of  climate.  There  will  be 
xsasion  to  recur  to  this  subject  of  the  accumulation  of  cold  in 
insidering  the  cause  No.  3.  Taking  the  view  he  does,  however,  as 
»  the  effect  of  an  increase  in  the  obliquity,  Mr.  Croll  attributes 
.ach  influence  to  it,  in  combination  with  the  cause  to  which  he 
»fer8  the  greatest  influence  on  climate — ^the  varying  excentricity  of 
le  earth's  orbit ;  and  he  contends  that,  assuming  that  the  astrono- 
lers  are  right  in  limiting  the  variation  in  the  obliquity  to  about 
^  22^  on  each  side  of  the  amount  at  which  it  stood  at  the  beginning 
r  the  present  century,  a  concurrence  of  the  maximum  of  this 
bliquity  with  the  maximum  of  excentricity  would  probably  cause 
>rest-trees  to  grow  at  the  pole  of  that  hemisphere  which  had  the 
an  in  perihelion  during  winter. 

No.  3. — The  cause  suggested  under  this  head  is  the  one  which, 
nring  the  past  few  years,  has  produced  the  greateal  amo^oii^*  Q»i  ^w 
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cuaaion,  and  therefore  demaoda  the  most  examination.  More  than 
thirty-five  yeare  ago,  M.  Adhemar  advanced  a  theory  thst  the 
Noachian  deluge  iras  the  last  of  a  aeries  of  delngea  which  had 
occurred  daring  paat  ages  from  the  melting  of  snow  and  ice  acciima- 
lated  at  that  pole  which  lay  in  the  hemisjihere  where  the  aphelion. 
or  point  of  greatest  recession  of  the  earth  from  the  eaa,  occuired 
during  winter.  It  has  long  been  known  that,  owing  to  the  pheno- 
menon called  the  precession  of  the  equinoxes,  the  aphelion  and 
perihelion  points  are  trauafeired  from  the  summer  to  the  winter 
seasons,  and  vice  ver»&,  every  10,600  years  or  thereabonta  ;'  so  that 
for  this  period  the  sun  is  at  ita  greatest  distanoe  from  the  earth 
during  the  winter  season  of  one  hemisphere  and  the  summer 
senson  of  the  other ;  while  for  the  nest  10,500  years  these  oondi- 
tioiis  are  reversed.  M.  Adhemar  contended  that  the  efifect  of  this 
"Would  be,  that  during  the  occurrence  of  the  aphelion  near  the  winter 
solstice  of  either  hemisphere,  the  polar  ice  of  that  hemisphere  woald 
be  constantly  augmenting ;  and  that  as  the  perihelion  point  returned 
to  the  winter  season  of  such  hemisphere,  this  aocumnlated  ice  would 
be  dissolved,  and  great  volumes  of  water  be  liberated-  In  1366 
Mr.  Croll  revived  this  theory,  in  so  far  as  it  assumed  to  account  for 
changes  in  climate,  and  added  to  it  tho  effect  which  would  be  pro- 
duced by  the  varying  eccentricity  of  the  earth's  orbit,  in  either 
increasing  or  diminishing  this  re^gerating  power  of  the  aphelion; 
according  as  by  increased  excentricity  the  aphelion  was  removed 
further  from  the  sun,  or  by  diminished  eiceutricity  was  brought 
nearer  to  it. 

Many  objections  have  been  offered  to  this  theory.  One  was  that, 
whether  the  escentricity  be  great  or  small,  an  equal  quantity  of  heat 
is  received  by  the  earth  during  every  revolution  round  the  sun  ;  the 
augmented  distance  of  the  aphelion  being  balanced  by  the  diminished 
distance  of  the  perihelion  during  increased  eccentricity,  and  fi« 
•nerea;  so  that  the  augmented  heat  of  the  10.500  summer  seasons, 
due  to  the  occurrence  in  them  of  the  perihelion,  would  balanoe  the 
refrigerating  effect  of  the  occurrence  during  the  same  numl>er  of 
years  of  the  aphelion  in  the  winter  season,  and  melt  all  the  extrs 
quantity  of  ice  that  the  increased  winter  cold  had  produced  ;  the 
result  being  merely  that  tho  difference  of  temperature  betweeo 
winter  and  summer  would  be  greater  or  less,  according  to  the 
position  of  the  aphelion  and  the  degree  of  eccentricity. 

It  seems,  however,  that  this  is  not  pi-oioisely  true ;  but  that  the 
qiiantily  of  heat  received  by  the  earth  from  the  sun  in  every  revo- 
lution round  it  varies  inversely  as  the  minor  axis  of  the  orbit; 
which  would  make  the  quantity  of  heat  received  greatest  when  the 
escentricity  was  greatest,  and  vice  eertA  ;  thus  diminishing  any  effect 
produced  by  an  increase  of  eicentricity  in  augmenting  the  cold  of 
mid-winter  in  that  hemisphere  in  which  the  aphelion  occurred  at 
this  season. 

It  is  also  admitted  that  whatever  be  the  variation  thus  arising 
■o  large  variatiuns  ;  bul  il 
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irom  the  length  of  the  minor  azit,  each  hemisphere  receiveB  an 
equal  qnantitj  of  heat  dmring  any  one  year ;  the  greater  oontiguity 
of  the  son  in  perihelion  being  compensated  by  the  more  rapid 
motion  of  the  earth  in  its  orbit  at  that  time,  and  vice  versd. 

Mr.  Murphy  has,  sinoe  this  theory  was  first  advocated  by  Mr. 
droll,  endeavoured  to  show  that  the  ooourrenoe  of  the  aphelion 
points  during  the  winter  season  would  have  the  opposite  e£fecte 
to  thoee  attributed  to  it  by  Mr.  Croll ;  and  that  it  is  to  the  ooour- 
renoe of  the  aphelion  in  the  summers  of  either  hemisphere  during 
periods  of  great  ezoentricity  that  the  glaoiation  of  such  hemisphere 
IS  to  be  attributed.  Mr.  Murphy  has  lately  brought  forward  another 
paper,  in  which  he  seeks  to  establish  this  point;  but  as  it  is  not  yet 
published,  I  shall  avoid  the  chance  of  misrepresenting  his  views  in  the 
mean  time  by  confining  myself  to  merely  calling  attention  to  them. 

Mr.  droll  admits  that  the  position  of  the  aphdion  point  would  not, 
of  itself,  produce  any  sensible  effect  on  dimate,  even  with  the  maxi- 
mum of  possible  exoentricity,  which  he  gives  as  making  a  difference 
between  the  sun's  distance  in  aphelion  and  perihelion  of  14,212,700 
miles ;  but  he  contends  that  when  the  cumulative  tendency  of  ice 
and  snow  and  the  operation  of  the  great  ocean  currents  are  taken 
into  consideration,  the  true  and  principal  cause  of  the  changes  which 
have  occurred  in  climate  has  been  the  combined  operation  of  the 
position  of  the  aphelion  and  the  varying  exoentricity  of  the  orbit 

As  regards  this  alleged  tendency  of  ice  and  snow  to  accumulate 
at  the  pole  of  that  hemisphere  near  the  mid-winter  of  which  the 
aphelion  point  occurred  during  periods  of  a  high  degree  of  exoen- 
tricity, Mr.  Croll  argues  that  the  increased  heat  of  the  sun  in 
summer,  due  to  the  corresponding  occurrence  of  the  perihelion  at 
that  season,  would  be  neutralized  by  the  absorption  and  reflection 
by  ioe  and  snow  of  a  large  part  of  the  heat  so  received,  and  by  the 
creation  of  fogs  which  would  intercept  the  rays.  With  respect  to 
absorption,  Mr.  Croll  argues  that  142°  Fahr.  are  absorbed  in  melting 
one  pound  of  ice,  and  completely  lost,  so  far  as  raising  its  tempera- 
ture is  concerned,  by  reason  that  they  are  consumed  in  tearing 
asunder  the  molecules  against  the  forces  of  cohesion  which  bind 
them  together  into  the  solid  form.  Is  not  an  equal  quantity  of  heat, 
however,  liberated  to  raise  the  temperature  of  the  surrounding  air 
when  congelation  returns  ?  With  respect  to  the  rays  reflected,  Mr. 
Croll  does  not  tell  us  what  becomes  of  them.  They  must,  it  is  to 
be  assumed,  be  absorbed  by  the  atmosphere ;  but  in  what  way  the 
icy  region  is  prevented  from  indirectly  receiving  the  benefit  of  them, 
when  so  absorbed,  he  does  not  attempt  to  show. 

With  respect  to  the  fogs,  Sir  Charles  Lyell  urged  that  there 
were  no  sufficient  data  to  assume,  as  Mr.  Croll  did,  that  the  inten- 
sity of  the  sun  in  a  clear  sky,  which  would  first  melt  the  ice,  would 
afterwards  be  sufficiently  overcome  by  fog  to  check  and  almost 
prevent  further  melting,  in  spite  of  the  continued  supply  of  exces- 
sive heat  during  summer;  but  Mr.  Croll  has  since  collected  instances 
of  the  prevalence  of  snow  storms  and  fogs  in  the  Arctic  and  Ant- 
arctic regions,  and  endeavoured  to  show  that  it  is  to  these  cqaisa^ 
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tte  snowclad  condition  of  Sandwich  Land  and  the  South  Georgian 
Isles — lying  in  latitudes  corresponding,  respectively,  to  the  North 
of  Scotland  and  centre  of  England — ^ia  due.  In  reference,  however, 
to  the  interception  and  absorption  of  the  aim's  rays  by  tho  crestioQ 
of  fogs,  are  we  not  entitled  to  assume  that,  einoe  Tapours  give  out 
in  condensation  an  amount  of  heat  equal  to  that  absorbe<l  in  Iheir 
creation,  compensation  would  be  thus  afforded,  and  all  the  beat 
intercepted  by  fogs  be  eventually  restored  to  the  atmosphere  of  the 
ioy  region  ? 

To  argue  that  cold  producce  ice  and  enow,  and  that  these  agun 
aggrnvato  the  cold,  and  so,  by  reacting  on  the  cause,  tend  to  prodnw 
a  continual  accumnlation  of  the  effect,  does  to  many  minds  seem 
arguing  in  a  circle.  This  Mr.  Croll  admits,  but  conl*nds  that  the 
argument  is  none  the  less  sound.  He  does  not,  however,  purine 
his  Aliment  to  that  extent  which  carries  conviction  to  my  luiud, 
but  leaves  it  with  an  impression  that,  notwitliatauding  all  that  is 
urged,  the  agencies  to  which  ia  attributed  a  cumulative  tendency  in 
ice  and  snow  contain  within  themselves  forces  that  exactly,  but  iu 
a  less  obvious  form,  compensate  for  the  effects  which  are  attriboled 
to  them. 

From  a  mean  of  temperatures  taken  north  and  sonth  of  the 
equator,'  it  appears  that  the  teniperature  of  the  surface  of  the  whole 
earth  is  greater  when  it  is  in  aphelion  than  when  it  is  in  periheliini. 
This  was  attributed  by  Sir  Charles  Lyell  to  the  beating  effect  of  the 
great  b'jdy  of  land  lying  in  the  norlliem  hemisphere^  that  body  of 
hind  being  exposed  to  the  summer  sun  while  the  earth  was  in 
aphelion.  Mr,  Croll,  however,  regards  it  as  a  necessary  result  of 
hiK  theory,  attributing  it  to  the  loss  of  heat  during  perihelion,  caiiseJ 
by  iLe  southern  and  more  glaciated  hemisphere  being  then  tuniol 
towards  the  sun,  and  part  of  ita  heat  lost  by  the  agencies  jost 
discussed. 

Another  and  the  most  important  of  the  causes  operating  to  give 
influence  to  the  excontricity  is,  according  to  Mr,  Croll,  the  great 
oceanic  circulation,  in  carrying  heat  from  equatorial  to  temperate 
and  polar  regions  ;  aud  he  has  entered  into  an  elaborate  examination 
of  the  subject  to  prove  that  the  heat  thus  transferred  is  far  greater 
than  is  generally  supposed.  He  also  contends  that  the  position  of 
the  aphelion  greatly  influences  the  direction  of  these  currents.  His 
argument  is  too  long  to  summarize ;  but  in  the  case  of  the  Gulf- 
stream,  for  instance,  his  contention  is  that  with  the  main  configura- 
tion of  the  great  oontinents  unaltered,  this  stream,  instead  of  flowing 
as  it  now  does,  would  during  the  glaciation  of  the  northern  hemi- 
sphere, begin  so  much  further  south  in  mid-Atlantic  that,  insteail 
of  entering  the  Gulf  of  Mexico  and  being  thence  deflected  north-east- 
wards to  Northern  Europe,  it  would  be  deflected  by  the  coast  of  Soutli 
America  southwards,  as  in  fact  one  part  of  it  now  is  deflected.  This 
alteration  Mr.  Croll  deduces  from  a  previous  hypothesis  which  he  seeks 

I  am  not  aware  on  what  ol>serTations  these  temperatures  nre  haied  ;  but  i(  thei 
~  t*kea  at  land  stationa  eiclusiTelj,  or  preponderatinglj,  the  fact  alleged  tn 
tnaa  them  maf  not  be  free  from  queBtiou. 
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to  establish,  viz.  that  the  refrigeration  of  the  northern  hemisphere 
which  woald  arise  from  the  occurrenoe  of  the  aphelion  in  its  winter, 
would  pnsh  the  equatorial  belt  of  calms  some  degrees  of  latitude  further 
south,  and  with  it  the  north-east  trade,  to  which  he  insists  the  Gulf- 
stream  is  due.  In  reference  to  this  oscillation  of  the  equatorial  belt  of 
warmth,  Mr.  CroU  quotes  the  adoption  by  Mr.  Darwin  of  the  Excen- 
trioity  theory  as  accounting  for  the  di£fusion  of  certain  species  of 
plants,  which  occur  alike  in  the  temperate,  but  not  in  the  tropical 
regions  of  both  the  northern  and  southern  hemispheres.  The  view 
is,  that  as  the  cold  of  the  northern  hemisphere  became  greater, 
some  of  the  more  dominant  and  wide-spreading  northern  tempei-ate 
forms  invaded  the  equatorial  lowlands,  and  as  the  two  hemispheres 
gradually  recovered  their  former  temperature,  that  then,  although 
most  of  these  northern  temperate  forms  so  living  in  equatorial 
lowlands  would  have  been  driven  to  their  former  homes  or  destroyed, 
some  of  them  would  have  ascended  any  adjoining  highland,  where 
they  would  have  survived  like  the  Arctic  forms  on  the  mountains  of 
Europe.  Then,  as  the  southern  hemisphere  was  in  turn  subjected 
to  a  severe  glacial  period  with  the  northern  hemisphere  rendered 
warmer,  the  southern  tempemte  forms  would  invade  the  equatorial 
lowlands  to  intermingle  with  the  northern  forms  so  left  on  the 
mountains,  but  from  which  they  now  descended.  As  the  warmth 
again  increased,  these  southerners  would  return  to  their  former 
homes,  leaving  some  species  on  the  mountains,  and  carrying  south- 
ward with  them  some  of  the  northern  temperate  forms  which  had 
descended  from  their  mountain  fastnesses. 

The  necessity  for  this  complex  explanation  is  not  apparent,  at 
any  rate  so  far  as  the  continent  of  America  is  concerned;  as  all 
that  would  seem  necessary  for  the  passage  of  temperate  forms  of 
plants  from  north  to  south,  and  vice  verad,  is  a  line  of  mountains 
running  in  that  direction  of  elevation  sufficient  to  induce  on  their 
flanks  or  summits  temperate  climates  in  tropical  latitudes ;  and  this, 
if  we  make  allowance  for  the  proportionate  refrigerence  of  all  lati- 
tudes during  the  glacial  period,  we  find  on  the  American  continent ; 
since  those  parts  of  the  chain  which  now,  in  Central  America,  do  not 
from  their  small  altitude  furnish  this  condition  of  things,  would  have 
had  at  that  time  temperate  climates  on  their  flanks  or  summits,  and 
the  intervals  of  hot  lowland  have  been  so  reduced  as  not  to  prevent 
the  occasional  migration  of  temperate  climate  plants  from  one  hemi- 
sphere to  the  other.  On  the  other  hand,  the  common  origin  of  the 
Greenland  blubber  whale  {Balana  myaiiceiua),  and  the  right  whale 
of  the  Antarctic  {Balana  auatralia)  at  a  late  period,  which  has  been 
generally  admitted  is  repugnant  to  that  oscillation  of  the  equatorial 
warm  water  belt  without  curtailment  of  its  breadth,  which  forms 
part  of  the  Excentricity  theory ;  and  seems  to  indicate  that  a 
curtailment  of  the  breadth  of  this  belt,  which  now  forms  so 
impassable  a  barrier  between  these  allied  species,  did  actually 
take  place  by  means  of  that  simultaneous  refrigeration  of  both 
hemispheres  which  all  the  facts  hitherto  observed  in  reference 
to  the  Glacial  period  proper  appear  to  me  to  prove. 
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The  ihMry  that  the  oceanic  cnrrent^  are  dae  to  the  action  of  the 
trade  wiDila  is  oM,  but  the  intimate  connexion  which  Mr.  CroU 
shows  to  exist  between  the  geoeral  oce&nic  and  atmoBpheric  <AKa- 
lationa  ia  very  striking.  The  inflaenoe,  however,  of  these  corrents. 
except  so  far  as  their  direction  may  be  snpposed  to  be  altered  by 
the  alternate  gtaciation  of  the  two  hemispheres  from  the  position  of 
aphelion,  is  applicable  equally  to  theory  No.  4.  To  tli&t  theory, 
however,  and  to  the  one  under  consideration,  there  arises  the  objec- 
tion, BO  far  as  the  Glocinl  period  proper  is  coocemed,  that  the 
distance  to  which  the  evidences  of  gtaciation  extend  southwards 
on  the  eastern  side  of  North  America,  beyond  what  they  do  in 
Europe,  seem  to  indicate  that  the  portion  of  the  oceanic  circulation 
to  which  the  existing  difierences  in  climate  between  correspoudinf 
latitudea  in  Europe  and  North  America  are  doe  coald  not  hare 
differed  much  dnring  that  period  from  what  obtains  novr. 

The  theory  requiring  that  tliere  have  been  many  periods  of  higt 
escentricity,  during  every  one  of  which  there  were  one  or  more  ininor 
periods  of  about  10,500  years  when  the  opposite  hemispheres  were 
subjected  to  the  alternate  conditions  of  gtaciation  and  warmth,  Mr. 
Croll  endeavours  to  prove  by  two  things.  One  of  these  is  that  glacial 
periods  enibracing  such  minor  periods  of  alternation  hare  occurred 
at  different  stages  in  the  Geological  record ;  and  the  other,  that  the 
evidences  preserved  of  that  particular  period  which  we  &re  accus- 
tomed to  call  the  Glacial  afford  proof  of  there  having  otcurred 
during  its  progress  repeated  alternations  of  climate,  or,  in  ihiIji;! 
words,  interglacial  periods  of  warmth.  As  to  the  first  of  these, 
he  has  (as  Sir  Charles  Lyell  has,  as  regards  some  of  the  instances, 
also  done  in  bis  "  Principles  ")  collected  various  notices  by  geologists 
of  formations  considereij  to  be  indicative  of  ice  action,  belonging  to 
Silurian,  Devonian,  Carboniferous,  Jurassic,  Cretaceous,  Eocene,  and 
Miocene  ages  respectively ;  and  they  no  doubt  to  some  readers 
have  a  very  convincing  appearance ;  but  to  others  they  induce  more 
perplexity  than  conviction.  In  my  own  case,  not  being  so  famihsr 
with  the  Palaeozoic  and  Meaozoic  formations  as  with  the  Tertiary, 
I  read  these  instanoes  of  PsiEeozoic  and  Mesozoic  gjaciation  with 
respect,  though  not  conviction  ;  hut  when  I  come  lo  the  Eocene  and 
Miocene  instances,  facts  clashing  entirely  with  them  present  them- 
selves. Tn  the  case  of  the  Eocene,  we  are  offered  the  evidence  of 
the  occurrence,  in  the  un  fossil ifero us  Flysch  of  the  Alps,  of  a  bed 
containing  blocks  of  all  dimensions  up  to  the  size  of  an  ordinary' 
church ;  and  in  the  Miocene  the  evidence  of  a  North  Italian  hed 
containing  blocks  both  of  lai^  dimensions  and  striated.  Now  the 
Eocene  formation  is  complete  in  England,  and  is  exposed  in  cou- 
tinuouB  section  along  the  north  coast  of  the  Isle  of  Wight  from  its 
hose  to  its  junction  with  the  Oligocene  (or  Lower  Miocene  according 
to  some),  and  along  the  northern  coast  of  Kent  from  its  base  to  the 
Lower  Bagshot  Sand.  It  has  been  intersected  by  railway  and  other 
cuttings  in  all  directions  and  at  all  horizons,  and  pierced  by  wells 
innumerable  ;  while  from  its  strata  in  England.  France,  and  Belgium, 
the  most  extensive  collections  of  organic  remains  have  been  made 
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of  any  formation  yet  explored,  and  from  nearly  all  its  horizons,  for 
at  one  place  or  other  in  these  three  ooantries  nearly  every  horizon 
may  be  said  to  have  yielded  fossils  of  some  kind.  These  fossils, 
however,  whether  they  be  the  remains  of  a  flora  such  as  that  of 
Sheppey,  or  of  a  vertebrate  faona  containing  the  crocodile  and 
alligator,  such  as  is  yielded  by  the  beds  indicative  of  terrestrial 
conditions,  or  of  a  moiloscan  assemblage  such  as  is  present  in  the 
marine  and  fluvio-marine  beds  of  the  formation,  are  of  unmistakably 
tropical  or  subtropical  character  throughout;  and  no  trace  what- 
ever has  appeared  of  the  intercalation  of  a  glacial  period,  much  less 
of  successive  intercalations  indicative  of  more  than  one  period  of 
10,6G0  years  glaciation.  Nor  can  it  be  urged  (though  this  would 
be  the  contrary  of  what  is  urged  in  relation  to  the  Glacial  period 
proper,  in  which  the  warm  intervals  are  regarded  as  accompanied  by 
terrestrial  conditions,  and  the  cold  ones  by  submergence)  that  the 
glacial  periods  of  the  Eocene  in  England  were  intervals  of  dry  land, 
and  so  have  left  no  evidence  of  their  existence  behind  them,  because 
a  large  part  of  the  continuous  sequence  of  Eocene  deposits  in  this 
country  consists  of  alternations  of  fluviatile,  fluvio-marine,  and  purely 
marine  strata ;  so  that  it  seems  impossible  that  during  the  accumu- 
lation of  the  Eocene  formation  in  England  a  glacial  period  could 
have  occurred,  without  its  evidences  being  abundantly  apparent. 
The  Oligocene  of  Northern  Germany  and  Belgium  and  the  Miocene 
of  those  countries  and  of  France  have  also  afforded  a  rich  moUuscan 
fauna,  which,  like  that  of  the  Eocene,  has  as  yet  presented  no 
indication  of  the  intrusion  of  anything  to  interfere  with  its  uniformly 
subtropical  character.  It  can  hardly  be  contended  that  the  moUusca 
adapted  themselves  to  a  refrigerated  sea,  and  again  to  a  warm 
one,  without  the  facies  of  the  fauna  being  changed,  because  we 
find  during  the  succeeding  period,  the  Pliocene,  the  molluscan 
fauna  gradually  changing  by  the  disappearance  of  the  tropical  and 
subtropical  genera,  and  by  the  incoming  of  species  which  now 
generally  inhabit  Arctic  and  Boreal  seas,  thus  indicating  the  gradual 
approach  of  those  climatic  conditions  which  culminated  in  the  Glacial 
period. 

When  it  is  suggested  that  at  two  distinct  epochs  during  this 
uninterrupted  prevalence  of  tropical  and  subtropical  conditions  in 
England  and  adjoining  countries,  glaciers  descended  to  the  sea 
several  degrees  further  south,  we  can  scarcely  escape  the  admission 
that  if  they  did  so  it  could  not  have  been  in  consequence  of  any 
oause  involving  the  existence  of  the  present  axis  of  rotation ;  for 
neither  lofty  land  nor  ocean  currents  could  have  modified  the 
climate  of  Switzerland  or  North  Italy  to  such  a  degree  as  to  allow 
glaciers  to  descend  to  the  sea  there,  while  countries  lying  several 
degrees  of  latitude  nearer  the  pole  were  enjoying  a  tropical  climate. 
The  only  thing  clear  about  these  so-called  Eocene  and  Miocene 
glacial  beds  is  that  we  have  much  to  learn  about  them  I 

As  to  the  other  fact  which  is  essential  to  the  Excentricity  theory, 
tIz.  the  occurrence  during  the  Glacial  period  proper  of  alternations 
of  10,500  years  warm  climate,  we  find  no  indication  of  any  suck 
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altematiotu  during  tbat  gradual  i«fHgenttiou  wliicb  is  indicated  by 

the  change  in  the  Pliocene  molliuca  before  referred  to ;  but  this 
objection  Mr.  Croll  would  no  doubt  meet  by  his  contention  ttmt  the 
periods  of  warmth  would  be  neoeeaarily  those  of  emergence,  or, 
itinre  accurately,  of  a  recessbu  of  the  Bea  due  to  the  attraction  of  the 
Southern  ice-eap;  and  that  it  is  only  the  periods  of  gradually  in- 
creasing refiigerence  (which  would  be  those  of  eubmergence  in 
Northern  Europe,  owing  to  the'  transfer  of  the  ice-cap  to  the 
northern  hemisphere)  which  the  Pliocene  molluaca  would  record. 
The  Taluo  of  this  contention  our  present  cei-tain  knowledge  of 
Pliocene  land  depoeits  renders  it  difficult  to  teat  by  reference  to 
facts,  that  knowledge  being  almost  confined,  in  the  case  of  Weetom 
Europe,  to  the  Cromer  Forest-bed,  and  the  lacustrine  formations  of 
the  Arno  valley ;  but  so  far  as  these  cases  go,  they  seem,  to  show  no 
appreciable  departure  from  tlie  kind  of  climate  indicated  by  the 
marine  deposits  of  nearly  similar  age;  and  afford  no  support 
to  the  idea  that  they  accumidnted  during  intervals  of  warmer 
climate.  As  regards  such  intervals  during  the  Glacial  period  itself, 
Mr,  Croll  has  collected  together  a  number  of  notices  brought  for- 
ward by  geologists,  which  he  considers  prove  his  case.  Most  of 
these  refer  to  discoveries  in  Scotland;  but  as  it  appears  to  tne  that 
some  of  the  deposits  which  ara  treated  by  Scotch  geologists  as 
Glacial  belong  to  the  period  which,  in  reference  to  English  deposits. 
we  are  accustomed  to  call  Post-Glacial,  during  the  latter  part  of 
which  period  there  occurred,  in  my  opinion,  some  degree  of  renewed 
refrigeration  and  a  partial  submergence,  it  may  be  convenient  to 
summarize  the  conclusions  to  which  a  study  of  the  English  Glacial 
and  Post-QIacial  formations  has  led  me ;  more  particularly  as  Mr. 
Croll  has  connected  one  of  the  instances  upon  which  he  relies  to 
prove  these  warm  intervals  of  the  Glacial  period  with  my  name. 

In  the  first  place,  I  have  long  contended  that  the  English  Glacial 
beds,  inclusive  of  the  unstmtified  clays,  are  of  marine  origin;  and 
I  believe  that  the  gentlemen  of  the  Geological  Survey  employed  in 
the  examination  of  these  beds  have  mostly  come  to  a  similar  opinion. 
IVe  liave  in  England  an  advantage  in  possessing  the  sequence  of 
Glacial  formations  more  complete  than  they  are  in  Scotland,  the 
earlier  membora  of  the  series  being,  according  to  my  view,  unrepre- 
sented in  the  northern  portions  of  Britain  ;  and  throughorit  this 
series,  from  its  commencement,  with  beds  lying  in  juxtaposition  to 
the  Crag,  and  difiering  but  slightly  in  their  moUuscan  fauna  from  the 
latest  members  of  the  Crag  series,  to  its  termination  in  the  shelly 
gravels  at  high  elevations  in  Lancashire,  and  at  Moel  Tryfaen,  there 
is,  with  one  doubtful  exception,  nothing  that  1  can  discover  indi- 
cative of  a  cessation  either  of  Glacial  climate  or  of  marine  conditions. 
This  exception  refers  to  the  unconformity  that  I  discover  between 
the  Lower  and  Middle  Glacial  deposits  of  East  Anglia,  which  appears 
to  me  to  be  veiy  marked,  and  to  have  been  connected  with  the 
principal  excavation  of  the  East  Anglian  valley-system.  Unfortu- 
nately there  is  nothing  yet  found  to  prove  that  this  valley  excava- 
tion was  the  lesult  of  a  couvcisiou  of  the  Lower  Glacial  deposits  into 
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land;  and  though  we  may  infer  that  the  excavation  of  valleys 
is  more  probably  dne  to  terrestrial  agencies  than  to  marine,  it  is  not 
impossible  that  powerful  currents,  issuing  from  beneath  the  termina- 
tion of  the  land-ice,  may  have  been  the  agent  of  the  excavation  in 
question.  Connected  with  the  same  subject  is  the  age  of  the  Pake- 
field  mammaliferous  deposit  and  forest-growth,  for  this  deposit  and 
growth  is,  while  demonstrably  newer  than  the  Crag  (which  that  on 
the  Cromer  coast  is  not),  so  dissociated  from  the  ijower  Glacial 
formation,  though  overlain  by  the  Middle,  that  it  is  quite  possible  it 
may  be  of  interglacial  age ;  and  if  it  could  be  proved  so,  would  go 
far  to  establish  that  the  interglacial  valley  excavation  of  East  Anglia 
was  due  to  terrestrial  agencies,  as  well  as  that  this  terrestrial  condi- 
tion was  accompanied  by  a  climate  which  supported  a  growth  of  the 
forest-trees  whose  trunks  I  have  seen  at  Pakefield.  This,  however, 
is  only  a  possibility ;  and  as  such  is  the  only  break,  either  in  climate 
or  continuity  of  marine  conditions,  that  I  can  discern  in  the  Glacial 
sequence  in  England*  It  also  appears  to  me  that  Scotland,  with  the 
northern  parts  of  England,  formed  together  an  ice-centre  (or  possibly 
several  ice-centres)  quite  independent  of,  and  detached  from,  the 
Scandinavian  and  all  other  ice,  unless  it  were,  perhaps,  that  of  Wales 
and  Ireland  ;  and  that  gradually,  as  the  northern  and  mountainous 
parts  of  the  island  became  enveloped  by  land-ice,  the  whole  of 
Britain  underwent  depression,  this  depression  extending  in  the 
northern  part  and  in  Wales  to  1500  feet,  or  more,  below  the  present 
level,  but  diminishing  southwards  and  eastwards,  so  that  most  of 
France  continued  above  the  sea.  The  southern  portion  of  England, 
with  the  exception,  perhaps,  of  a  few  of  the  most  elevated  hills  which 
had  then  come  into  existence,  was  thus  covered  by  the  sea ;  but  this 
was  barred  out  of  the  northern  portion  and  out  of  Scotland  by  the 
enveloping  land-ice,  the  material  produced  by  the  degradation  of  tlie 
formations  on  which  this  rested  travelling  out  beneath  it  to  the  sea, 
carried  at  the  bottom  of  the  bergs  ob  they  broke  off,  and  dropped  (some- 
times in  large  masses)  over  the  contiguous  sea-bottom.  Thus,  omitting 
from  consideration  the  lower  division  of  it,  in  consequence  of  the 
uncertainty  attending  the  break  before  referred  to,  the  rest  of  the 
Glacial  formation  of  England  indicates  to  my  mind  the  gradual 
recession  of  this  land-ice  towards  its  centres,  the  formation  follow- 
ing that  recession,  and  having  its  sequence  pai'tly  in  the  vertical,  but 
much  more  in  the  horizontd  direction,  by  reason  of  its  having  ac- 
cumulated principally  in  contiguity  to  the  land-ice,  and  having,  in 
following  up  its  recession,  occupied  the  place  left  vacant  by  it.  By 
this  process  the  mountainous  parts  of  our  island  eventually  assumed 
the  condition  of  a  snow-capped  archipelago,  when  the  gravels  and 
sands  of  Moel  Tryfaen,  Macclesfield,  and  other  elevated  districts,  were 
deposited,  and  finally  the  ice  and  snow  disappeared  and  emergence 
took  place.  It  was  not,  as  it  seems  to  me,  until  after  this  emergence, 
which  we  are  accustomed  in  England  to  regard  as  marking  the  com- 
mencement of  the  Post-Glacial  period,  or  during  its  progress,  that 
Britain  became  again  inhabited  by  the  great  mammalia.  Looking  at 
the  presence  of  such  fluviatile  mollusca  as  Cyrena  fiumindUa  and 
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Viiio  Ultoralis,  AJtA  of  eucli  mammalia  as  the  fftppopotamag,  and  other 
great  pacbvilermR.  nnd  of  such  a.  littoral  Lusilaniau  fauna  as  that  of 
the  Selsey  bed,  where  it  is  mised  up  with  the  remains  of  some  of 
theae  paohydenuB,  as  well  as  of  some  other  features,  such  as  that  of 
the  Leiden  bed,'  it  haa  eeemed  to  me  that  the  climate  of  the  earlier 
part  of  the  Post-Glacial  period  in  England  wo*  possibly  even  wannar 
than  our  present  climate  ;  and  that  it  was  succeeded  by  &  refrigera- 
tion  sufficiently  severe  to  cause  ice  to  form  round  all  our  coasts,  and 
glaciers  to  accumulate  in  the  valleys  of  the  mountain  districts  :  and 
that  this  incroaaed  severity  of  climate  was  preceded,  and  partially 
accompanied,  by  a  limited  submergence,  which  nowhere  apparently 
exceeded  300  feet,  and  reached  that  amount  only  in  the  northern 
oountiea  of  England.  To  this  refrigereace,  it  seems  to  me,  the  Hip- 
popotamus early  succumbed ;  but  the  other  pachyderms  struggled 
on,  eventually  to  succumb  to  it  all  over  Europe  and  North  Asia,  so 
that  they  all  co-esisled,  mora  or  less,  with  the  Arctic  mammalia.  I 
do  not  recollect  having  met  with  any  notice  of  the  coincidence,  but 
it  has  struck  me  as  significant,  in  reference  to  the  view  that  the 
pachydermata  thus  owe  their  extinction  to  Poat-Glacial  refrigeration, 
that  it  is  for  the  moat  part  those  Post-Glaoial  mammalia  which  all 
palasontologistB  admit  to  be  specifically  different  from  their  living 
rapresentativea,  which  are  represented  by  inhabitants  of  wami 
dimates;  whereas,  on  ihe  opposite  hand,  those  Post-Glacial  mam- 
malia that  are  specifically  idenlioal  with  living  forma  are  repre- 
sented by  inlmliilanis  of  cliranles  whore  there  is  a  considerable 
degree  of  winter  cold.' 

To  the  extent  thus  explained  there  seem  to  me  to  have  been 
alternations  of  climate  in  England  connected  with  the  close  of  Geo- 
logical time,  whether  we  call  them  Glacial  or  Post-Glaciai,  Tertiarj' 
or  Post-Tertiary ;  but  they  do  not  appear  to  be  precisely  such  suc- 
cessive alternations  of  hot  and  cold  periods,  accompanied  during  the 
latter  by  general  submergence,  as  the  Excentricity  theory  demands. 

Proceeding  on  this  assumption  that  during  periods  of  great  eccen- 
tricity the  hemiRphere  in  which  the  aphelion  occurred  during  winter 
would  not  only  be  glaciated,  but  be  subject  to  submergence,  in  con- 
sequence of  the  attraction  of  the  ice-cap  drawing  the  sea  towards  it, 
and  away  from  the  opposite  hemisphere,  where  it  produced  emer- 

gjnce,  Mr.  Croll  endeavours  to  show  that  the  Coal-seams  of  the 
arboniferouB  formation  are  due  to  interglacial  periods  of  warmth. 
His  view  is  that  during  these  warm  periods,  when  the  land  emerged 
by  the  sea  being  drawn  away  from  it,  a  very  equable  climate  pre- 
vailed in  consequence  of  the  sun  being,  while  the  excentricity  was  at 

'  The  insect  remains  froia  Leiden,  one  of  the  nnmerous  Post-Glaciitl  brick-earths 
of  England,  were  conndered  by  Mr.  WoUaston  to  indicate  a  warmer  climate  than 
oar  meacDt  one.— Q.  J.  G.  8.  vol.  lii.  p.  399. 

'  For  the  ground*  of  the  yiewi  thue  summarized  see  papers  in  the  follo'riiip,  viz. 
Quart.  Joum.  of  the  Geol.  Soc.  toI.  xiiii.  p.  394,  toI,  iiiv.  p.  146,  toI.  xiri.  p.  90. 
vol.  xivii.p.3;  Gkol.  Mag.  Vol.  VII.  pp.  17  and  61.  Vol.  VIII.  p.  406.  Vol.  IX. 
pp.  163,  171,  and  362.  I  hope  at  a  future  time  to  explain  in  more  detail  the  evi- 
dence indicative  of  the  Poet-G!acial  suhmergence  referred  to  in  the  t«xt,  nliich  i« 
(hat  to  nhich  the  Uessle  Clay  of  the  North-East,  and  the  Upper  Bouldcr-tlaf  of 
the  Nortb-West  of  England  ore  in  my  opinion  aue. 
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its  extreme  limit,  upwards  of  fourteen  million  miles  nearer  to  the 
earth  during  the  winter  of  the  favonred  hemisphere  than  during  its 
summer,  so  that  the  seasons  would  approximate  in  temperature ;  and 
that  then  grew  the  vegetation  of  the  Ooal-seams,  which  is  generally 
admitted  to  indicate  an  equable  rather  than  a  tropical  dimate.  With 
these  warm  periods  alternated  the  cold  ones,  due  to  the  transference 
of  the  perihelion  from  the  winter  to  the  summer,  during  which  the 
attraction  of  the  ice-cap  drew  the  sea  over  the  coal- growths,  which 
were  thus  covered  by  submarine  sediment,  to  emerge  again  at  the 
return  of  the  perihelion,  and  form  the  site  of  a  new  growth  of 
vegetation;  and  so  on  successively  as  the  perihelion  changed,  until 
the  period  of  high  excentricity,  giving  rise  to  these  alternate  con- 
ditions, passed  away.  The  ingenuity  of  this  hypothesis  can  hardly 
be  denied ;  but  if  its  basis  is  sound,  we  ought  to  find  not  merely 
conglomerates  and  other  beds  at  distant  loc^ities  occasionally  pre- 
senting features  supposed  by  some  to  indicate  ice-action,  but  the 
very  &)al-measures  uemselves  which  separate  the  successive  Coal- 
seams  in  this  and  other  countries,  and  which  are  thus  referred  to 
intervals  of  glaciation  and  submeigence,  invariably  abounding  with 
evidences  of  ice-action.  We  have  not,  however,  yet  heard  of  this 
being  the  case.  Indeed,  Mr.  CroU,  anticipating  this  objection, 
endeavours  to  explain  it,  on  the  ground  that  the  Carboniferous  land 
was  too  low  and  flat  to  allow  glaciers  to  form;  and  that  for  the 
same  reason  there  would  be  no  rocky  cliffs  to  supply  boulders  for 
ooast-ioe  to  transport  and  distribute.  Considering,  however,  that  the 
Silurian  system  had  been  upheaved  and  penetrated  by  eruptive  rock 
before  the  Carboniferous  period,  and  that  yet  older  rock-masses  than 
the  Silurian  had  been  also  for  ages  in  existence,  and  these  at  no 
great  distance  from  the  Coal-fields  of  Britain,  such  an  explanation 
demands  larger  concessions  than  most  geologists  will  be  willing  to 
grant. 

Finally,  in  reference  to  the  suggested  cause  now  under  considera- 
tion, it  is  obvious  that  if  the  Glacial  period  proper  was  due  to 
the  position  of  the  aphelion  point,  the  northern  and  southern  hemi- 
spheres could  not  have  been  synchronously  glaciated;  but  as  the 
evidence  stands  at  present,  this  synchronism  in  glaciation  would 
seem  to  have  been  the  case.  It  was  a  principal  object  of  the  expedi- 
tion made  by  Louis  Agassiz  in  the  year  1872,  to  examine  how  far 
the  evidences  of  former  glaciation  remaining  in  the  more  southern 
parts  of  South  America  lent  any  support  to  the  theory  of  alternate 
glaciations  of  the  two  hemispheres;  but  he  could  find  nothing  in 
any  way  leading  to  the  inference  that  the  southern  glaciation  was 
not  absolutely  contemporaneous  with  the  northern ;  ^  nor  has  any- 
thing, so  far  as  I  am  aware,  been  brought  forward  in  reference  to  the 
evidences  of  glaciation  furnished  by  New  Zealand  that  would  lead  to 
any  different  conclusion.  Similarly,  so  far  from  the  features  exhi- 
bited by  those  formations  of  very  high  latitudes  in  which  are 
preserved  the  remains  of  a  rich  arboreal  vegetation  lending  any 
support   to  the  theory   that  the  much  warmer  climate  than  the 

^  Report  of  the  progress  of  the  Hassler  Expedition,  in  NoAvnn  ioft  ^ni^Qa^  \^\^^« 
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present  to  which  this  vegetation  was  due  was  int«mipted  by  in- 
tervals of  intense  glaoiation,  as  it  is  Rug^ested  was  the  case  daring 
the  Eocene  and  Miocene  periods  in  Switzerland  and  Italy,  Professor 
Nordenskiijld  has  been  unable,  in  suonessive  visits  to  Spitebergen,  to 
discover  in  the  well -ex  posed  and  thick  succession  of  Miocene  deposits 
of  that  island,  so  rich  in  plRat-romaina,  any  traces  of  a  bed  prosentiiig 
evidence  of  ice-action.' 

{la  be  eoHlinunt  in  «ui'  ntxt  Kunltr.) 


By  W.  J.  SoLL*H,  B,A.,  F.Q.S.,  Amoo.  B.S.M. 
(PLATE    Xiy.) 

AMON'OST  the  undescrilied  sponges  from  the  Cambridge  "  Copro- 
lite"  bed,  which  have  come  nnder  my  notice,  is  the  beantifnl 
hexactinellid  that  forme  the  subject  of  this  comuiiinicntion. 

An  almost  complete  specimen  and  a  well-preserved  fragment  of 
the  sponge  are  to  be  seen  in  the  Woodwardian  Museum ;  a  good 
specimen  has  been  placed  in  the  Geological  Survey  Collection  by 
Mr.  Jukes-Browne ;  and  I  once  saw  another  in  the  cabinet  of  Mr. 
Buxton,  Trin,  Coll.,  Cambridge.  Besides  these.  I  have  only  met 
with  a  few  smaller  fragments,  and  thus  the  species  would  seem  to  be 
some  what  a.  rare  one. 

PI.  XIV.  Fig.  1  represents  the  specimen  in  the  Woodwardian 
Museum,  natural  size ;  outwardly  it  resembles  a  short  stout  club,  ora 
vase  in  which  the  sides  have  curved  together  so  as  to  obliterate  the 
mouth,  and  thus  to  form  a  continuous  rooF  over  the  cavity  they  inclose, 
Mr.  Jukes -Browne's  specimen  is  very  similar  to  this ;  but  a  short 

Erocess  (Fig.  2  c),  diverging  from  the  suramit,  seems  to  indicate  that 
is  was  a  branching  form,  while  the  Museum  specimen  is  certainly 
single. 

The  bases  of  the  specimens  are  somewhat  worn,  so  as  to  make  it 
impossible  to  determine  whether  the  sponge  was  sessile  or  not  in 

The  surface  is  covered  with  a  network  of  fine  linear  depressions, 

looking  like  narrow  grooves  scored  into  the  substance  of  the 
phosphatic  material  of  which  the  fossil  is  composed.  These  lines 
are  the  inner  half  of  hollow  casts,  the  outer  half  of  which  has  been 
worn  away  by  gentle  attrition  on  the  sea-floor,  and  tbey  represent 
the  fibrous  network  which  once  constituted  the  dermal  skeleton  of 
the  sponge.  The  network  thus  indicated  covers  not  only  the  aides 
of  the  fossil,  but  its  summit  also,  completely  surrounding  it,  like 
the  net  which  incloses  a  balloon. 

Its  constituent  fibres  cross  one  another  approximately  at  right 

angles,  and  so  form  a  square  meshwork,  which  closely  resembles 

that  of  Farrca  occa  (Fig.  3).     The  centres  where  the  fibres  cross 

and  fuse  into  one  another  are  -rbir  of  an  inch  apart  on  the  average, 

1  Geol.  Maq.  1876,  Decade  II.  Val.  III.  p.  266. 
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and  oonf  eqaenily  the  meshes  of  the  net  are  each  abont  1^7  inch 
long  on  each  side. 

Mr.  Garter^  has  shown  that  the  silioeons  "fibres"  of  the  VxireO' 
hexaciineJUda  are  produced  by  the  cementation  of  a  number  of 
hexaotinellid  spicules  together  by  a  coating  of  siliceous  matter: 
and  in  fact  that  just  as  aoerate  spicules  are  imbedded  in  keratose 
fibre  to  form  the  skeleton  of  such  sponges  as  the  OhaUnida^  so 
hexaotinellid  spicules  are  imbedded  in  siliceous  fibre  to  produce  the 
rigid  skeletons  of  such  forms  as  Ihrr€4Bf  AphrocalU$te$,  Daety- 
loecUffx,  EupleeieUa^  and  their  allies ;  and  it  naturally  follows  from 
this,  that  so  long  as  the  sexradiate  spicules  retain  their  rectangular 
tri-axial  forms,  the  fibres  built  upon  them  will  present,  wherever  a 
spicule  occurs,  a  similar  regular  sexradiate  knot ;  and  what  i^pear  to 
be  points  of  intersection  of  tiiree  crossing  fibres  are  really  points  where 
the  six  arms  of  a  spicule  regularly  radiate.  Thus,  in  the  sponge  under 
consideration,  each  rectangular  intersection  of  the  linear  depressions 
represents  the  place  where  siliceous  fibre  once  formed  upon  the  four 
arms  of  a  sexradiate  spicule  at  right  angles  to  one  another ;  the 
other  two  arms  are  invisible,  one  because  it  passes  directly  into  the 
'*  coprolite,"  the  other  because  it,  in  common  with  the  outer  half  of 
the  cast  of  the  fibres,  has  been  worn  away  while  the  fossil  lay 
exposed  on  the  sea-floor. 

The  network  arising  from  the  union  of  the  spicules  might  be 
very  irregular,  if  the  latter  were  dispersed  without  any  arrangement, 
as,  for  example,  in  Bactylocalyx  (Stutchbury) ;  if,  however,  they  be 
grouped  according  to  a  general  plan,  a  very  regular  network  may 
result,  as  in  Farrea  occa,  and  the  dermal  reticulation  of  the  sponge 
under  consideration.  In  the  latter  the  fibres  exposed  on  the  surface 
can  be  arranged  in  two  groups,  as  will  now  be  described. 

At  the  base  of  the  sponge  are  four  nearly  equidistant  centres,  froni 
which  the  fibres  regularly  radiate.  Starting  with  one  of  these  centres, 
we  may  trace  a  set  of  fibres  passing  from  it,  and  diverging  from  one 
another  as  they  go;  the  more  medial  fibres  of  the  group  ascend 
the  side,  cross  directly  over  the  summit,  and  descend  on  the  oppo- 
site side;  those  which  lie  nearer  the  sides  of  the  group  simply 
curve  round  the  sides  of  the  sponge ;  but  all  agree  in  finally  con- 
verging to  the  centre  facing  their  point  of  origin.  Thus  all  these 
fibres  are  simply  loops  of  different  lengths  and  obliquity  connecting 
two  opposite  centres. 

The  fibres  from  the  other  pair  of  centres  are  disposed  in  exactly 
the  same  manner,  and  the  two  sets  of  loops  thus  come  to  be  plaoed 
at  right  angles  to  each  other,  and  so  to  produce  a  regularly  rectangular 
meshwork.  This  is  well  shown  in  the  accompanying  woodcut, 
which  is  a  map  of  one  side  of  the  Museum  specimen;  it  is  not 
drawn  to  scale,  and  only  professes  to  be  accurate  so  far  as  it  shows, 
in  the  area  represented,  every  fibre  and  the  intersection  of  every 
fibre  in  their  true  relations.  The  fibres  from  the  centre  '  A '  may 
be  observed  on  the  left  passing  in  curves  towards  the  centre  '  C,' 
which  is  here  only  obscurely  indicated,  and  as  they  do  so,  the  fibres 
which  curve  in  a  similar  way  from  '  B '  to  '  D '  maj  b^  VAfi^OL  V^ 

1  Ann.  and  Mag.  Nai  Hist,  voU  in.  ^.  4!^-Aa. 


400  IT.  J.  Sollas—A  New  Cretaceout  8j. 

iiilereect  them.     Those  fibres  wHch   ascend  from 
from  'B'  to  6,  oross  right  over  ihe  toil  of   tbe  Bponge  and 
'  C  '  in  the  former,  or  '  D  "  in  the  latter  case,  on  the  opposite 
tlie  sponge. 


M 


Dingrpm-plan  of  the  tlbrea  in  EnbrothM  claatut. 

If  this  were  all,  it  woiilil  happen  that  as  the  curving  fibres  d  -_. _^^ 

from  one  another,  the  spaces  between  them  would  contiuuallyenlar^ 
and  the  meshes  of  the  net  would  get  bigger  and  bigger  Ihe  further 
tliey  wore  from  Ihe  hasdl  centres.  Thia,  however,  is  prevented  ty 
the  appearance,  wherever  the  divergence  has  become  coueiiionibia, 
of  fresh  fibres  (Pi.  XIV.  Pig.  3  o,  and  woodcut),  and  thos  tin 
meshes  are  kept  of  tolerably  constant  size. 

Tbe  younger  fibres  so  introduced  are  of  less  diameter  than  thft 
primary  ones,  as  is  shown  by  tbe  fact  that  their  casta  do  not  aoon 
so  deeply  into  the  coprolite,  hence  the  fibres  would  seeui  to  have 
grown  thicker  with  age. 

The  characters  we  have  just  described  are  quite  sufficient  hg 
themselves  to  distinguish  the  sponge,  and  I  now  propo»<e  the  naim 
Evhrochat  datuiua  for  it;  Etdiroehas  on  account  of  its  fine  nieshwork, 
and  clansm  because  its  interior  cavity  is  quite  closed. 

"With  a  view  to  making  out  tbe  internal  structure  of  Eubroehta, 
the  broken  face  of  tbe  fragment  in  the  Woodwardian  Museum  wm 
carefully  ground  down  and  polished  several  times,  so  aa  to  obtain 
sections  at  different  depths.  When  examined  with  a  one-inoli 
objective  by  reflected  light,  patches  of  lattice-like  tissue  and  sox- 
radiale  knots  were  to  be  seen  here  and  there  in  the  matrix,  bnt  no  , 
regular  and  continuous  network  like  that  which  appears  on  thn 
exterior.  From  this  one  could  not  decide  whether  the  sponge  po»- 
BOHsed  any  other  skeleton  in  addition  to  the  single  layer  of  meshwoik 
.which  forms  its  dermal  reticulation,  since  tbe  few  fragments  of  sex* 
radiate  structure  observed  in  the  interior  might  possibly  have  bMn 
washed  in  from  without  during  the  process  of  fossilization  ;  in  order, 
'therefore,  to   determine  this  point,  I  obtained  oermisBion  to  oat 
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the  specimen  whioh  Mr.  Jukes-Browne  had  collected  for  {he  Survey, 
ind  whioh  he  had  kindly  lent  me.  Two  transparent  slices  were 
prepared  from  this,  one  cut  along  the  length  of  the  fossil  and  the 
3ther  at  right  angles  across  it ;  both  showed  the  hezaotineUid  net* 
work  in  the  form  of  empty  hallow  spaces  in  the  solid  coprolite  ;  the 
original  fibres  of  the  skeleton  have  completely  disappeared,  leaving 
behind  mere  empty  casts,  which  are  sometimes  perfect  seziadiate 
Bpaoes,  and  at  others  have  entirely  lost  their  original  shape,  and 
show  no  trace  of  the  form  on  which  they  were  modelled.  PL  XIV. 
Fig.  2  is  a  sketch  of  the  longitudinal  section,  natural  size;  in 
colour  it  is  light  brown,  but  greenish  where  glauconite  has  per- 
meated it  near  the  exterior ;  transparent,  especially  so  along  the 
edges,  but  with  opaque  patches  in  its  midst,  probably  consisting  of 
the  chalky  silt  in  which  the  sponge  was  at  one  time  imbedded.  The 
part  marked  '  a '  is  coprolite  which  has  incrusted  the  original  fossilt 
<6'  is  the  main  body  of  the  sponge,  and  'e'  a  process  or  bud 
which  has  sprouted  out  from  one  side  above.  The  network  of  the 
exterior,  which  completely  incloses  the  sponge,  is  indicated  at  the 
sides  T  T  by  notches,  which  are  empty  or  filled  with  phosphatio 
material  stained  by  glauconite.  At  the  top  the  coating  of  coprolite 
has  better  preserved  the  outer  meshes,  and  so  along  the  line  M '  to 
'  e '  these  are  well  exhibited  as  an  interrupted  series  of  hollow  sex- 
radiate  casts.  At  '  ^ '  the  centre  of  one  of  these  sexradiates  may 
be  seen  to  give  off  a  radius  which  passes  to  the  centre  of  a  second 
inner  sexradiate  element  (Fig.  4  a) ;  this  alone  indicates  clearly  that 
the  skeleton  of  the  sponge  did  not  consist  of  a  single  layer  of  mesh- 
work  merely,  and  points  moreover  to  a  connexion  between  the 
dermal  reticulation  and  that  interior  network  which  we  shall  now 
show  Eubrochvu  to  have  possessed.  Throughout  both  the  longitu- 
dinal and  transverse  sections  open  spaces  occur,  which  in  some 
places  are  without  definite  form,  but  at  others  appear  as  clusters  of 
distinct  hollow  sexradiate  casts  (Fig.  5).  They  are  not  scattered  at 
random,  but  arranged  along  certain  irregular  curved  lines,  which 
appear  to  radiate  from  the  base  of  the  sponge  upwards,  in  such  a 
manner  as  would  result  if  the  sponge  in  growing  left  the  exterior 
aetwork  of  one  stage  to  become  the  interior  of  the  next  The  sex- 
radiate casts  are  in  cdl  cases  simple,  and  never  complicated  by  the 
addition  of  the  characteristic  octahedral  'lantern'  which  surrounds  the 
'  knots '  in  Myliusia  Orayi  and  in  the  Ventriculites.^  Thus  Euhrochua 
was  evidently  a  solid  sponge  provided  with  an  interior  skeleton  of 
iie  same  simple  structure  as  its  superficial  reticulation. 

In  the  sections  we  have  just  described  appear  also  a  number  of 
(imple  acerate  spicules  lij/'  to  tW  long  {VL  XIV.  Fig.  7),  and  cer- 
ain  serpentine  bodies,  which  are  more  like  contort  spicules  than 
anything  else ;  but  their  irregularity  in  form,  occasional  branching, 
ind  variation  in  size,  seem  to  show  they  are  not  so  (see  PL  XIV.  Figs. 
),  9, 10).  As  to  their  real  nature  I  am  ignorant,  as  I  am  also  of  that 
>f  certain  minute  round  bodies  which  occur  with  them.  The  round 
Kxiies  are  almost  perfect  spheres,  hollow,  with  a  circular  foramen ; 

^  H.  J.  Carter,  F.B.S.,  Ann.  and  Mag.  Nat.  Hist,  ser.  4,  yoL  xn.^.  1^. 

DBCADX  II. — YOL,  lU.'-'KO.  IX.  7.^ 
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and  now  and  then  I  Imve  seen  a  small  solid  central  sphere  instdp, 
lookiog  like  a  nucleus.  In  size  they  vary  from  yW'  to  -nMft' 
(PI.  XIV.  Fig.  6)  ;  they  are  often  amber  in  colour  wlien  viewed  with 
transTnitted  light,  and  thoy  appear  to  be  soluble  in  acid,  though  it  it 
■dilBcult  to  make  thiB  out  with  certainty  in  the  oaae  of  such  very 
^miiU  bodies  imbedded  in  a.  chalky  niatris,  which  ia  itself  soluble 
■with  effervescence  in  the  same  solvent.  Possibly  they  are  siugla 
deiacUed  chambers  of  Foraminifera,  like  Ghbigerina  or  Nodotaria, 
both  of  which  occur  in  the  sectiooe  along  with  Greensaud  casta ;  but 
the  abundance  of  tliese  round  bodies,  out  of  all  proportion  to  the 
number  of  the  Foramini/era  associated  with  them,  their  perfect 
shape,  and  complete  isolation,  would  seem  to  negative  such  an  ide& 
and  half  incline  one  to  look  upon  them  as  independent  organiima. 
I  mention  them  hero  because  both  they  and  the  contort  brandling 
bodies  before  referred  to  occur  very  commonly  in  the  ordinary 
so-called  "  Coprolitea  "  of  the  Cambridge  bod. 

As  regards  the  position  of  Evbroehun  in  our  classificatioa,  it  cleftrly 
belongs  to  the  HrxactinetlidcB,  since  in  no  other  sponges  do  we  finil 
the  same  rigid  adherence  to  a  sexradiate  ty}>e.  The  exiatonoe  of 
hollow  casts  only  in  the  place  of  the  original  skeleton  might  appear 
at  first  sight  difficult  to  reconcile  with  the  view  that  the  latter  was 
composed  originally  of  siliceous  materia! ;  but  bare  we  are  no  worse 
off  than  in  the  case  of  the  Ventriculites  preserved  in  a  phoepbatic 
matrix,  in  which  there  has  occurred  a  similar  disappearance  of  fibres. 
of  whose  original  siliceous  nature  thers  can  now  l.^e  no  manner  of 
doubt,  since  their  cliaracteristic  structure  and  arrangement  have  been 
discovered,  in  all  their  details,  in  the  vitreo-hexactinellid  Jf^Jituia 
Grayi. 

Having  then  placed  our  sponge  amongst  the  HexaetineHida,  we 
must  assign  it  to  that  family  of  the  order  in  which  the  skeletal 
spicules  are  united  together  into  a  rigid  continuous  network  ( Vilreo- 
iiexaclinfllidie),  instead  of  being  merely  connected  together  by  sarcode 
{Sarco-hexacl  ineltidcB) . 

A  closer  determination  of  the  alliance  of  Evbroehus  is  very  diffi- 
cult to  make,  especially  as  the  rosettes,  and  other  forms  of  flesh 
spicules  which  characterize  the  MexaclineUida,  are  entirely  absent ; 
that  they  once  existed  may  be  regarded  as  highly  probable,  and  their 
disappearance  can  excite  no  surprise,  since  the  processes  of  solution 
which  have  destroyed  the  coarser  fibres  of  the  skeleton  would  inevit- 
ably remove  every  trace  of  these  more  delicate  structures.  The 
dermal  reticulation  might  be  expected  to  furnish  some  clae,  and, 
indeed,  it  closely  resembles  in  the  squareness  of  its  meshes  the 
single  layer  of  lattice-like  network  which  constitutes  tbe  skeleton 
of  Farrea  occa.  Evbrockva  differs  widely  from  Farrta,  however,  in 
the  fact  that  its  external  reticulation  forms  a  complete  inclosure  to 
an  interior  skeleton,  while  in  Farrea  a  single  layer  of  barrow-like 
network  simply  forms  an  empty  tube  open  at  the  mouth.  The  resem- 
blance with  Farrea,  then,  is  solely  in  the  rectangular  meshwork  of  tlie 
dermal  reticulation,  and  the  value  of  this  for  clasaificatory  pur- 
poses is  very  doubtful,  since  Dr,  Bowetbank  has  recently  described 
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A  aqnare-meshed  Baroo-spiculous  network  whioh  oovers  the  surface  of 
pertect  speoimens  of  EuplecteUa  aspergtUum,  and  Mr.  Garter  has 
tBDggested  to  me  that  we  may  now  expect  to  find  a  similar,  bat  vitreo- 
■piciiloos,  network  coating  the  surface  of  many  of  the  Vitreo-hexae- 
UneiUd^e.  Perhaps  the  first  instance  of  this  has  been  found  in 
£Mbr(Pchn»  in  the  fossil  state,  and  considering  this  possibility  and 
the  absence  of  marked  internal  characters  in  our  new  sponge,  it 
*will  be  well  to  wait  for  further  investigations  before  coming  to  any 
cxmdnsion  as  regards  its  generic  affinities. 

VITEEO.HEXACTINELLID-ZE. 

EuBBOCHTJB  OLAVsrs,  xnihL 
Sp0mf€f  claTEte,  solid,  aeesile  {?),  simple  or  branching. 
Skti^on,  a  network,  originally  siliceous,  characterised  by  sezradiate  knots,  filling 

the  interior,  and  fonning  on  the  exterior  a  rectangular  meshwork. 
J>iMirihutionj  Cambridge,  Upper  Ganlt,  remanU  in  coproute  bed  at  the  base  of  the 

Chalk-marl.    {NoU, — On  the  back  of   the  tablet  on  which  the  Museam 

specimen  is  mounted  I  find  a  note  by  Mr.  Seeley,  stating  that  the  form  also 

occors  in  the  Bed  Chalk  of  Hmistanton.) 

EXPLANATION  OF  PLATE  XTV. 

Pio.  1.  A^rvMttf  dtimm,  Woodwardian  Museum,  natural  size. 
Pio.  2.  Longitudinal  section  of  Mr.  Jukes  Browne's  specimen,  natural  size; 
(a)  coprolite  encrusting  the  exterior ;  {b)  principal  part  of  the  sponge,  with 
dotted  lines  to  indicate  the  course  of  the  internal  fibres;  (0)  rudimentary 
branch ;  (</  to  «)  exterior  network  preserved  by  the  encrustmg  coprolite ; 
{p^  position  where  indications  of  the  connexion  of  the  dermal  reticulation 
with  the  interior  fibres  are  to  be  seen,  shown  magnified  in  Fig.  4;  (/  /')  lateral 
margins. 

Fio.  3.  Dermal  reticulation  of  Fig.  1,  showing  at  (a)  the  appearance  of  new  sex- 
radiate  elements.  ( x  25.) 

Fio.  4.  Part  of  the  network  extending  alon^  the  curved  line  from  {d)  to  (0)  of 
Fig.  2,  showing  centre  of  inner  sexradiate  at  (a).  ( x  25.) 

Fio.  5.  Finer  network  from  the  interior  of  Fig.  2.  ( x  25.) 

Fio.  6.  Spherical  bodies  of  various  sizes ;  (a)  circular  foramen.  ( x  100.) 

Fio.  7.  Acerate  spicule  from  Fip.  2.  ( x  100.) 

F108.  8,  9,  10.  Curvilinear  and  oranched  bodies  like  contort  spicules.  (  x  IOC.) 


IIL— ICB   AND   lOK-WoBK   IN   NEWFOUNDLAND. 
By  John  Milne,  F.G.S., 
Professor  of  Oeology  in  the  Imperial  Mining  College,  Tokei,  Japan. 
(Omtinued  from  the  Auguat  Number^  page  350.) 

Coast  Ice  of  Newfoundland, — loebergs  have  an  advantage  over 
ooast-ioe  in  their  imposing  appearance,  which  has  perhaps  been  in 
part  instrumental  in  raising  them  to  the  high  position  which  they 
now  occapy  as  workers  of  G^eological  changes.  Many  Manuals  of 
Greology,  and  many  diagrams  drawn  to  illustrate  the  same  science, 
have  oft-times  portrayed  a  well-known  flat-topped  berg,  carrying 
a  rock,  in  the  Antarctic  regions;  but  neither  books  nor  lecture- 
diagrams,  taken  oollectively,  give  any  adequate  idea  of  coast-ice  as 
a  similar  agent.  From  what  I  have  seen  of  coast-ice  and  of  its 
effects,  I  feel  persuaded  that  it  is  an  agent  of  at  least  as  great,  if  not 
of  greater  universality  than  either  glaciers  or  icebergs,  and  taken 
as  a  whole  perhaps  also  as  an  agent  of  equal  power.  Of  the 
various  forms  of  sea-ice  known  as  <' berg-ice/'  ''floe-ice,"  **paok- 
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ioe,"  and  the  like,  the  portion  I  would  more  particularly  dT«» 
attenlion  to  is  that  variety  which  forms  a  narrow  belt  along  the 
shof  e,  known  in  Greenland  m  the  "  Ice-Foot." 

It  would  appear  that  in  the  formation  of  the  "  Ice- Foot,"  jnst  « 
the  precipitation  of  rain,  and  in  the  production  of  other  natural  phe- 
nomena, we  may  have  either  one  or  many  causes  called  into  operation. 
SometimeB  these  may  all  be  equally  active,  whilst  at  other  times  lh( 
role  tnken  by  one  cause  is  more  important  than  that  taken  by  another, 
•11  being  governed  by  oircum stances.  Qeikie,  in  "  The  Great  1« 
Age,"  pp.  67and  68,  tells  118  that  the  Ioe -Foot  of  Greenland  '-owes  itt 
origin  to  the  action  of  the  tides."  "  The  first  frost  of  the  late  summet 
covers  the  sea  with  a  crust  of  ice,  which,  carried  upwards  along  the 
face  of  the  cliff  by  the  tide,  eventually  becomeB  glued  to  the  rocks." 
It  tLus  "  grows  in  thickneae  with  every  suooeBsive  tide,  until  it  maj 
reach  a  height  of  30  feet,  and  BOmetimes  even  more,  presenting  U 
the  sea  a  bold  wall  of  ice,  against  whioh  the  floes  grind  and  onuh." 


In  Newfoundland  and  the  South  Coast  of  Labrador,  although  the 
formation  of  the  Ice-Foot  is  no  doubt  oftentimes  very  similar  to  thii, 
there  are  yet  other  agents,  besides  that  of  the  tide,  which  areequsll; 
active. 

First  we  will  imagine  this  formation  taking  place  on  a  gently- 
sloping  shore. 

The  Ice-/boi— The  blasts  of  December  and  January  drive  the 
Bpiay  high  up  upon  the  land,  and  there  it  freezes  as  a  oake  of  ice; 
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d*j  after  day  and  night  after  night  this  oontinnesi  and  the  omst 
grows  thidker.    A  drift  or  &11  of  snow  maj  help  it  in  aocamulating, 
until  it  ia  at  last  from  two  to  three  feet  in  thickness.    Stones  of  m 
sigBBy  from  pebbles  to  boolderB,  on  which  this  ooating  may  rest,  are 
now  firmly  set  in  '*  an  iqy  maw  "  of  ioe,  and  are  ready  at  the  first 
movement  to  oat  and  grind  a  path  for  Ihemselves.    The  first  oalm 
weather  the  tea  freezes  oat  from  this  to  form  an  eqaivalent  to  the 
"faay-ioe"   of  the  Greenland  whalers.    This,  however,  is  only  a 
thin  ooating;  which  is  either  broken  np  or  piled  upon  itself  by  the 
first  roagh  water  coming  from  the  '*  oatside,"  or  is  driven  off  by 
a  land  breeze.    This  generally  goes  on  antil  some  portion  of  the 
Northern  pack,  ooming  south,  meets  with  an  adverse  wind  and 
is  driven  ashore.    When  we  reflect  upon  the  immense  mass  con- 
tained in  one  of  these  moving  fields  of  ioe,  we  can  hardly  conceive 
the  energy  that  is  stored  within  it    Everything  has  to  give  way 
before  it,  and  the  coast-ice,  with  its  set  oi  gravers  firmly  bedded 
in  its  base,  is  pushed  high  and  dry,  sometimes  as  much  as  100  yards, 
back  from  high-water  mark.^    It  is  in  this  way,  by  the  coming  in 
of  the  Northern  Pack,  the  rise  and  fall  of  the  tide,  and  other  causes, 
that  the  land-ice  is  driven  ashore,  and  many  of  the  scratches  and 
grooves  so  common  round  the  coast  of  Newfoundland  have  been 
made.    As  a  rule,  these  markings  are  remarkable  for  their  definition. 
Some  of  the  scratches  are  so  parallel,  so  long,  and  so  like  each  other, 
and  even  in  their  character  from  end  to  end,  that  at  first  sight  their 
origin  might  be  doubted.    Markings  like  these  may  be  well  seen  in 
the  harbour  of  St  John's  Island.     The  rock  in  which  they  are  im- 
pressed is  a  Oalciferous  Limestone,  sloping  gently  seaward.     It  looks 
as  though  it  bad  been  planed  perfectly  flat,  and  then  a  series  of 
parallel  lines  several  yards  in  length,  from  three  to  six  inches  apart, 
and  from  ^  to  ^  of  an  inch  in  depth,  had  been  evenly  ruled  across 
the  prepaid  surfisu^e.     Sometimes,  instead  of  these  lines  crossing  an 
even  plane,  similarly-marked  smooth  trough-like  hollows  have  been 
formed.     These  increasing  in  size  in  places  give  quite  an  imdulating 
character  to  the  shore,  as  at  the  entrance  to  Terra  Nova  Biver  and 
elsewhere. 

Snch  a  piling  up  of  ice  by  the  driving  in  of  the  pack,  whether  it 
be  inland  or  ashore,  is  amongst  the  sealers  termed  ''  raftering."  At 
a  certain  distance  out  'from  land,  where  the  pack-ice  can  float,  it 
breaks  off  from  that  which  is  cemented  to  the  shore.  This  latter, 
no  matter  how  it  may  have  been  formed,  whether  by  spray  or  piled- 
up  pack-ice,  goes  under  the  general  name  of  ''balacada."  It  has 
been  suggested  to  me  that  this  term,  like  many  Newfoundland 
names,  may  have  its  origin  from  the  Spanish,  it  being  a  corrupted 
form  of  ''  barricade,"  a  name  very  suggestive  of  the  appearance 
and  conditions  it  is  intended  to  describe.  The  edge  of  the  ''  bala- 
cada"  is  termed  the  "drain,"  which  may  average  a  depth  of 
about  four  fathoms,  up  and  down,  while  through  the  agency  of 

*  In  the  lelection  of  Arctic  papers  for  the  Arctic  Expedition  of  1876,  published 
hj  the  Boyal  and  Royal  Geographical  Societies,  p.  49,  Robert  Brown  speaks  of 
sneet-ioe  and  boulders  during  storms  being  driyen  and  packed  to  a  height  of  60  feet« 
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wind  and  tide  a  wntional  oliaGng  action  \s  goiug  on.'  If  the  pu:k- 
ice  can  float  up  and  down  along  llio  foot  of  a  cliff,  or  in  deep  watw 
near  rocks,  the  conBeqaences  are  tlie  formatioa  of  borizontal  groore: 
and  scratches,  and  tlieec  in  cases  are  carried  to  each  an  extent  that 
the  cliff  may  be  undercut.  The  "  balacada,"  in  a  position  of  thit 
sort,  is  fonued  by  tho  spraj,  and  projects  out  a  foot  or  two  from  tbe 
faoe  of  the  cliff;  the  drain,  with  its  floatiug-ice,  being  beneath. 

In  addition  to  the  work  done  in  scraiching  and  grooTing  by  llie 
coast-ice,  it  also  does  much  in  the  traosportation  of  materiaL  '^VkeD 
in  deep  water,  chafing  along  the  face  of  a  cliff,  by  its  owu  horizontal 
and  vertical  movements,  together  with  its  conCtnued  force  of  impact 
on  u  heaving  swell,  it  must  detach  a  considerable  amount  of  material. 
This,  together  with  that  which  may  fall  upon  iU  edge  from  tli« 
vockfl  above  (which  appear  to  be  uuiveraaUy  greater  at  the  breaking 
up  of  a  frost  than  at  any  other  season  of  the  year),  is  carried  by  thf 
coast-ice  to  a  new  home.  The  chief  agent,  however,  in  the  transpor- 
tation of  material  is  the  "  balacada,"  barrier-ice  or  ice-foot,  attachd 
to  the  Bhore.  At  low  water  this  freezes  to  the  ground  on  a  shelving 
shore,  and  is  at  onco  firmly  attached  to  both  boulders  and  stones. 
When  the  tide  Hbcb,  this  ic«,  with  its  cargo,  fioate,  and  may  be  carrieil 
away.  The  difference  iu  level  between  neap-  and  spring-tides  is 
another  cause  whicti  greatly  accelerates  the  trausporting  power  of 
the  "  balacada."  A  laud  breeze  aasiatg  in  the  dragging  off  of  por- 
tions tliat  are  only  partially  aground.  These,  with  other  causa, 
are  always,  during  the  winter  season,  nioi-e  or  less  in  operation  iu 
removing  mfitt'riiils  from  one  point  to  another.' 

This  immeuBe  ti-aiisportive  power  of  tha  ooaat-iee  often  oocasious 
severe  losses  to  the  fishing  population  of  Newfoundland  and 
Labrador.  Various  articles,  to  remove  which  would  involve  con- 
sidembte  difficulty,  such  as  anchors  aud  cables,  having  been  left 
upon  the  beach,  have  been  carried  off  by  the  ice  ;^t  has  come 
along,  and  after,  ho  to  say,  glueing  itself  to  everything  upon  the 
the  shore,  has  floated  off  with  all  to  which  it  was  attached.  At 
three  harbours,  Tilt  Cave,  Englee,  and  Goose  Cove,  I  heard  lamen- 
tations over  losses  of  this  description ;  and  no  doubt,  upon  inquiry, 
similar  cases  might  be  recorded  of  every  fishing  settlement  both 
in  Labrador  and  Newfoundland.  The  fishermen  seem  to  have 
transferred  the  name  "Anchor  Ice,"  from  its  original  idea  of  ice 
which  anchors  itself  to  the  bottom,  to  ice  of  this  description  which 
endangers  the  equipment  of  their  vessels.  Without  actually  freezing 
beneath  the  surface  of  the  water,  as  in  some  of  the  shallower  parts 
of  the  Baltic  where  ground-ice  is  formed,  a  species  of  anchor-ice  is 

'  The  rrating  against  tertica!  cliffs  is  referred  to  in  De  la  Beche's  "  Geological 
Observer, '  p.  280,  aad  at  p.  2H2  oq  const-ice  ^eDerall^. 

'  Speaking  of  the  Greenland  Ice-Foot,  Geikie,  in  hia  "Great  Ice  Age,"  p,  6.', 
aays  that  "  during  summer  Tsat  piles  of  rock  and  rubbiiih  crovd  the  surfaee  of  (he 
iee-foot."  "To  such  on  extent  does  tiiis  rock-rubbish  accumulate  that  the  vhult' 
surface  of  the  shelf  is  sometimes  buried  beneath  it,  and  entirely  hidden  from  rien." 
"  Along  the  part  of  the  coast  of  Greenland  where  the  ice-foot  is  shed  at  the  end  ul 
BTeiT  summer,  the  quantitveH  of  lock  debris  thus  borne  seawaida  muat  be  Bomelhiog 
prodigious." 
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formed  by  the  freezing  of  the  "  balacada "  bo  firmly  to  the  ground 
at  low  water,  that  at  the  rising  of  the  tide  it  remains  beneath  the 
sarfJEtee  of  the  water.  The  consequence  of  these  transportive  move- 
ments is  that  much  material,  both  boulders  and  pebbles  are  carried 
oat  to  sea,  and  then  deposited  in  a  manner  similar  to  that  which 
has  80  often  been  explained  in  the  case  of  icebergs.  Another  con- 
sequence is  that  ^milar  materials  are  carried  from  point  to  point 
along  the  coast,  and  on  the  disappearance  of  the  ice  are  left  as 
monuments  of  its  former  existence.  In  places  boulders  may  be 
seen  lining  the  shores  in  long  lines,  like  tiers  of  barrels  on  a  wharf, 
as  at  Change  Island.  Boulders  of  this  sort  are  referred  to,  and  a 
sketch  of  them  is  given,  in  Lyell's  Principles  of  Geology,  vol.  L 
p.  381.  I  have  here  spoken  irrespective  of  the  immense  quantities 
of  boulders  that  are  annually  brought  down  attached  to  the  **  ground- 
ioe  "  of  rivers. 

Movements  of  CoaU-Iee, — On  the  first  calm  day  the  ice  out  at  sea 
along  the  edge  of  the  pack  commences  to  break  up,  and  small  lakes 
and  pools  are  formed  between  the  pans.  This  appears  to  be  due  to 
the  tide.  In  a  calm  five  square  miles  of  ice  will  rapidly  open  out 
and  spread  over  20  miles,  during  which  it  is  greatly  smashed  about 
and  tumbled.  Capl  A.  Jackman,  to  whom  I  am  indebted  for  many 
facts  regarding  the  action  and  formation  of  coast-ice,  informed  me 
that  on  one  occasion  he  knew  of  two  vessels  closely  wedged  in  the 
ice,  which  were  separated  20  miles  apart  in  one  night  during  a 
calm.  A  wind  from  seawards  only  jams  it  the  tighter  on  the  land, 
whilst  one  from  the  shore  sends  it  off  in  a  body  until  there  is  suffi- 
cient water  between  it  and  the  land,  where  a  sea  can  form,  upon 
which  the  ice  is  speedily  dispersed.  In  calm  weather  the  pack 
travels  with  the  current,  but  at  other  times  it  follows  the  direction 
of  the  wind.  Icebergs,  on  the  contrary,  although  affected  by  the 
wind,  have  a  more  definite  direction  in  their  line  of  travel  dependent 
on  currents.  The  consequence  of  this  would  appear  to  be  that  the 
line  of  distribution  of  material  derived  from  pack-ice  is  not  so 
definite  in  its  direction  as  that  of  icebergs.  In  both  cases  the  pro- 
portion of  the  mass  exposed  above  water  to  that  which  is  submerged 
is  equal.  The  explanation  therefore  appears  to  lie  mainly  in  the 
fact  that  the  pack  only  rests  on  the  upper  surface  of  the  water, 
which  is  affected  by  the  wind,  whereas  the  iceberg,  descending  to 
greater  depths,  will  move  in  a  steady  current  unaffected  by  any  such 
surface  disturbances.  The  ratio  of  the  surface  exposed  above  water 
to  that  beneath  it  in  the  pan  of  ice,  to  that  in  the  berg,  must  often- 
times also  be  influential  in  the  explanation  of  this  phenomenon. 
Should  a  berg  be  entangled  in  a  pack,  and  the  tide  be  contrary  to 
the  wind,  the  berg  may  hold  its  own  against  both  the  wind  and 
pack,  and,  so  to  speak,  will  force  for  itself  a  passage.  Capt  A. 
Jackman  has,  whilst  frozen  in  the  pack,  travelled  at  the  rate  of  from 
two  to  three  knots  per  hour  past  bergs,  but  whether  these  were 
aground  or  not  was  not  definitely  stated. 

Condxuioue  regarding  Coast-Ice, — As  before  remarked,  it  would 
appear  that  coast-ice  might  at  least  be  considered  as  an  agent  in  the 
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jnodacticm  of  Geological  changes  equal  in  power  to  either  gladen 
or  icebergs- 

By  this  it  is  not  wtBbed  to  imply  that  a  mile  of  coaet-ioe  ii  equi- 
valent to  a  mile  of  glacitr,  but  ratter  that  coast-ice,  taken  lu  i 
whole,  from  the  extent  of  ita  area,  may  be  reasonably  compared  u 
a  modelling  and  disintegrating  agent  of  onr  globe  with  either  tbe 
glaciers  or  icebergB.' 

Looking  at  the  Northern  HcuuBphere  only,  and  comparing  all  ths 
deeply  indented  coast-lines,  say  that  of  North  America  and  Green- 
land, every  yard  of  which  is  more  or  less  subject  to  the  action  of 
ooast-ice,  with  the  portions  throwing  off  glaciers  to  form  beigs.  it 
will  be  seen  that  the  coasl-ice  must  in  quantity  be  infinitely  greatd 
than  the  glaciers.  All  the  i^ast  ice-fields  which  brealt  loose  finm 
Uie  frozen  regions  of  the  North,  and  we  read  of  them  300,000  square 
miles  in  extent,  and  seven  feet  in  thickness,  are,  in  their  passage 
South,  driven  in  upon  the  land,  and  help  to  grind  the  coast-line  and 
transport  ita  boulders.  The  Northern  field-ice,  when  it  arrives  in  the 
latitudes  of  Newfoundland,  is  often  seen  to  be  covered  with  bonldets, 
gravel  kelp,  and  other  materials,  ahowing  it  to  have  been  at  some 
time  or  oilier  in  contact  with  the  ooast.  Ice  of  this  description  is 
well  known  to  the  sealers,  who  carefully  avoid  it,  knowing  that 
seals  will  not  be  found  upon  "  dirty  jam."  From  this,  together 
with  other  information  I  collected,  it  would  seem  that,  amongst  the 
inhabitants  of  Newfoundlnud,  the  action  of  ooast-ice  na  a  transporting 
agent  is  universally  recognized,  whilst  icebergs  in  the  same  latitudes 
are  seldom  seen  with  earthy  materials  upon  them.  Capt.  A.  Jackman, 
during  about  30  years  of  ice-service  on  the  coast  of  Newfound- 
land and  Labrador,  only  once  saw  a  mass  of  stone  of  any  size  upon 
a  berg,  whilst  coast-ice,  with  its  load  of  material,  has  continually 
been  met  with.  That  this  should  be  the  case  appears  on  considera- 
tion to  be  evident ;  for  at  the  outsot,  when  the  berg  leaves  its  parent, 
the  glacier,  in  these  Northern  regions,  it  has  but  little  moraine 
matter  to  carry,'  whilst  afterwards  the  winds  tending  to  drive  it  in 
upon  the  shore  seem  to  affect  it  but  little.'    Now  and  then  it  may 

'  Althaagh  it  may  be  said  that  glarien  are  not  alone  conflned  to  Arctic  regionf, 
but  are  also  Vi  be  uen  in  the  higblanda  of  more  temperate  climatea,  it  mutt  nat  b* 
foreott«n  the  distance  Bouth  that  coast-ice  ia  found  along  shores  like  those  of 
I^brador,  Newfoundland,  and  Siberia,  where  i;lacii?rs  are  unluiown. 

'  "  Owing  M  the  inland  Talleyii  (of  Greenland)  being-  filled  op  and  levelled  to  the 
lops  of  the  hills,  there  i»  well-nigh  a  total  sbaence  of  those  long  trains  of  debris  that 
thunder  down  the  sleeps  ot  the  Alpine  Mountains,  and  gather  in  heaps  along  the  sides 
of  the  glaciers."— Oeikie,  "The  Great  Ice  Age,"  p.  62.  Dr.  Rink,  however,  saw 
moraines  above  Upemivik. 

*  It  might  be  argued  that  the  hergs  carry  a  burden  of  rocks  and  debris  froxen  to 
their  bases  i  but  in  Geikie's  ■'  Great  I  Co  Age,"  p.  61,  wc  read: — "A  few  stones  may 
Dccasionnll}'  remais  frozen  into  the  bottom  of  the  detached  iceberg,  hut  it  is  ei-idenC 
that  the  greater  portion  of  the  sub-glacial  deposit  must  remain  at  the  bottom  of  Iho 
sen,"  and  at  p,  71  we  read :  "  By  far  the  larger  number  of  Arctic  icebergs  therefor* 
contain  no  eitraneous  matter,  and  melt  away  in  mid-ocean  without  leaving  behind 
thero  any  record  of  their  voyage."  However  it  would  be  unfair  not  to  quote  from 
the  observations  of  Kabert  Brown  (Quart.  Joura.  GeoL  Soc.  1870,  p.  687),  who 
states  that  on  ascending  an  iceberg  he  "  almost  invariably  found  moraine  which  had 
rank  by  the  melting  of  the  ice  into  hollows,  deep  oat  of  sight  of  the  voyager  sailing 
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diBtnrb  the  strota,  and  perhaps  carry  off  a  portion  of  the  material 
forming  some  bank  on  whioh  it  hais  happened  to  ^und,  bat  to 
approach  the  land,  as  coast-ice  does  after  leading  its  birth-place,  it  is 
for  ever  debarred.  Carried  along  by  a  deep-sea  current,  with  bat 
little  care  for  wind  or  wave,  it  cleaves  a  course  through  ice  and 
water  to  more  southern  regions. 

The  work  done  by  a  glacier  is  slow  and  steady.  On  its  surface  it 
oairies  all  that  may  Ml  upon  it,  whilst  at  its  base  it  annually 
■moothens  for  itself  deeper  and  deeper  the  rocky  bed  on  which 
it  rests. 

When  floating-ice  is  pushed  ashore,  we  have  a  somewhat  similar 
action ;  but  in  i^dition  to  this  steady  pressure,  coast-ice  has  another 
mode  of  acting  which  is  wanting  in  the  glacier,  viz.  that  of  impact. 
A  faint  conception  of  what  this  is  may  be  derived  from  the  accounts 
we  read  of  Arctic  travel.  ''The  growling  and  roaring,"  ''  the  crash  of 
meeting  floes  and  fields  of  ice,"  "the  broad  fields  of  ice  several 
hundreds  of  miles  in  area  broken  up  into  countless  floes,"  "the 
hummocks  and  hills  that  are  piled  up  under  the  tremendous 
pressure,"  have  all  been  spoken  of. 

Scoreeby  gives  a  calculation  of  the  blow  whioh  must  be  produced 
by  one  of  these  immense  fields  of  ice  which  he  mentions,  as  being 
equal  to  that  of  10,000,000,000  tons.  Now  all  these  tremendous 
blows  delivered  by  ice-islands  floating  down  upon  each  other  must 
be  given  in  a  similar  manner  to  a  rocky  coast. 

After  once  seeing  the  broken  masses  of  the  icy  "pavement "  of  these 
Northern  regions  scouring  along  by  clifis  and  islands,  jostling  and 
cannoning  with  all  it  meets  as  it  rises  and  falls  on  the  heaving  swell, 
one  cannot  help  being  impressed  with  the  immense  amount  of  work 
that  it  is  capable  of  performing. 

PoBBtbility  of  a  sequence  in  lee^Aetion, — It  has  now  been  shown 
how  coast-ice  may,  to  a  certain  extent,  give  a  character  to  a  coast- 
line; how  it  may,  by  impact,  remove  all  asperities,  and  how,  by 
a  steady  pressure,  it  may  groove  and  scratch,  and  even  produce  a 
surfiace  not  unlike  the  rocheB  moutanndes  of  the  glaciers.  We  will 
now  consider  whether  those  markings  may  be  reasonably  expected 
to  remain  as  permanencies. 

In  Newfoundland,  which  appears  to  be  a  rising  area,  there  is 
every  reason  to  suspect  that  many  of  the  markings  seen  round  the 
coast,  which  have  hitherto  been  attributed  either  to  glaciers  or 
icebergs,  have  been  impressed  by  coast-ice.  Whatever  the  iceberg 
may  have  done  when  the  now  dry  surface  was  beneath  the  sea,  on 
emergence  must  in  all  probability  have  been  obliterated,  and  the 
surface  remodelled  by  the  action  of  the  coast-ice.  A  striking  in- 
stance of  this  modelling  of  what  is  probably  a  rising  area  is  seen  at 
Funk  Island.  This  island  lies  almost  30  miles  out  in  the  Atlantic 
to  the  East  of  Newfoundland.  It  is  about  half  a  mile  in  length, 
very  low  and  flat,  and  is  situated  right  in  the  stream  of  the  Arctic 
ice.  The  northern  end  of  the  island,  which  has  eveiy  year  to  face 
this  tremendous  pressure  of  vast  fields  of  ice,  is  visibly  worn  down 
and  covered  with  erratic  boulders ;  whilst  the  opposite  extremity  ia 


410  Tuwnshend  At.  Hall— Fossil  Ft$k  in  N.  Devon.  1 

a  low  bat  ahmpt  cliff.  Had  the  flow  of  ioe  been  from  the  eontb.  llie 
reverse  would  probubiy  have  been  the  cose.,  and  the  low  shelving 
wedge-like  aliore,  which  forms  a  slide  for  the  ice  to  mount  ti:igetber 
with  its  load  of  boulders,  wotild  have  been  at  tho  opposite  extremitj: 
of  the  isliknil.  On  a  rising  area  of  this  sort  the  impressioDs  thit 
hare  beeu  made  appear  certainly  to  affect  in  a  permanent  tnaniMi 
even  the  contour  of  the  islaad,  and  it  does  not  seem  nnreasoiuble 
that  soratchea  and  boulders  may  in  a  rising  area  be  similarly  pi^ 
•erved.  Should  the  rising  area  be  in  a  climate  like  that  of  Green- 
land, the  effecte  of  coast-ice  would  in  time  )>6  planed  away  b; 
glacien.  If  the  area  be  a  sinking  one,  the  results  may  be  reverW. 
Tb&  snzftce  configuration  of  the  land,  whether  prodnoed  by  glawen 
or  other  causes,  will  be  remodelled  by  the  coast-ice.  and  these  in 
their  timi,  on  reaching  deeper  water,  will  be  affected  by  the 
ioebeiga. 

Looking  at  the  effects  of  ice-work  in  this  way,  we  see  that  there 
is  a  possibility  of  a  sequence  in  tlieir  action.  In  lii^  latttndM, 
where  the  climate  is  a  constant  one,  the  sequence  is  definite.  Should 
the  climate,  however,  be  variable,  we  might  have  a  surface  scoured 
by  icebergs,  and  covered  with  debris  not  emerging  from  the  sea. 
nutil  a  warmer  temperature  had  dissipated  the  icy  pavement  that 
ouoe  floated,  and  io  tliis  way  we  might  see  the  effects  of  icebergs  in 
the  modelling  of  a  land-surface. 

THB  im. 

IV. — Fossil  Fish  in  Nobth  Devon.' 
Bj  TowHSHEsD  M.  HAL^  F.G.S.,  ew. 

THE  recent  discovery  of  fossil  fishes  in  the  Carboniferoua  beds  of 
North  Devon  appears  of  sufScient  importance  to  require  that 
the  fncts  connected  with  it  should  be  placed  on  record. 

In  the  first  place,  it  is  necessary  that  I  should  give  a  short  buid- 
mary  of  what  was  koown  down  to  the  end  of  the  first  week  of 
July,  187fi,  regarding  the  occurrence  of  fossil  fish  throughout  the 
northern  division  of  the  county, 

(1.)  ITie  Lyn ton,  or  Lower  Devonian  group  afibrds  remains  which 
have  been  referred  to  Sleganodielyvm,  as  well  as  fragments  of  fish 
bones  in  considerable  quantities. 

(2.)  The  Middle  Devonian,  near  Tlfracombe,  contains  fish  spines, 
bones,  and  coprolites ;  but  owing  to  tbe  absence  of  scales  and  teeth, 
it  is  impossible  to  determine  tbe  genera  to  which  they  belong. 

(3.)  In  tbe  Upper  Devonian,  at  Ba^y  Point,  a  scale  of  Hofopi;/- 
ekus  was  described  and  figured  by  Protessor  Phillips  in  1841." 

(1.)  In  the  Carboniferous  formation,  as  far  as  I  am  aware,  tliere 
bos  been  no  single  instance  of  fish  remains,  with  the  exception  of 
a  doubtful  fragment  resembling  a  portion  of  a  scale,  found  by  me 
some  years  ago  at  Venn  Quarry,  near  Barnstaple. 

'  Bead  before  the  DeTonshire  AssociatioD  for  tbe  AdraDcement  of  Science,  Lilen- 
tore,  and  Art,  Asbburton  Meeting,  JoIt,  1876. 
■  Falteoioic  Fouil*  of  Comw^,  Ueton,  and  Weat  Somenet,  p.  133. 
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Frooeeding  to  the  aonth  and  east  Parliamentary  divisions  of  the 
county  (which,  for  geological  purposes,  it  is  more  convenient  to  unite 
under  ^eir  old  name  of  South  Devon),  the  Carboniferous  rocks 
appear  to  be  equally  destitute  of  fish.  In  "The  History  of  the 
Discovery  of  Fossil  Fish  in  the  Devonian  Bocks  of  Devon  and 
Cornwall,"  by  Mr.  W.  Pengelly,  F.B.S.,*  reference  is  made  to  a 
paper  read  in  1843  by  the  Bev.  D.  Williams,  before  the  Boyal  QeoL 
Society  of  Cornwall,'  in  which  the  following  passage  occurs :  "  Mr. 
Parker,  jun.,  late  of  Exeter,  found  a  beautifol  tooth  in  the  Posidonia 
Limestones  of  the  Coddon  Hill  grit  series,  at  Doddiscomb  Leigh, 
north  of  Chudleigh,  which  Professor  Owen  pronounced  to  belong  to 
a  genus  of  fishes  hitherto  found  only  in  the  Urals."  In  answer  to 
my  inquiries,  Mr.  Pengelly  has  been  so  kind  as  to  inform  me  that, 
besides  the  idbove  extract,  he  knows  of  no  published  notice  of  fish 
remains  in  the  Carboniferous  formation  of  any  part  of  Devon  or 
Cornwall. 

In  several  of  the  other  Carboniferous  areas,  both  in  England, 
Scotland,  and  Ireland,  fish  are  not  uncommon,  whilst  in  Belgium 
they  are  extremely  rare;  the  unequal  distribution  of  their  fossil 
remains  resembling,  in  fact,  what  may  be  observed  with  regard  to 
the  habits  of  modem  species.  An  entire  absence  of  fish  in  the 
Carboniferous  series  of  Devonshire  would  probably  have  afforded 
but  little  surprise  to  any  one  who  had  studied  the  conditions  under 
which  the  rocks  have  been  formed,  and  the  contortions  to  which  they 
have  been  subjected.  The  equivalents  or  representatives  of  the  Coal- 
measures,  Millstone-grit,  Mountain  Limestone,  and  Carboniferous 
shaleS;  which  together  occupy  the  area  from  Dartmoor,  on  the  south, 
to  Barnstaple,  on  the  north,  have  afforded  only  46  species  of  fossils, 
out  of  which  number,  as  will  be  seen  by  the  following  table,  no  less 
than  26  belong  to  the  Vegetable  Kingdom. 

Aetinozoa    1  Cfphaiopoda 6 

Braehiopoda 5  Echinodermata  3 

LameUihranehiata 4  Flanta    26 

NudeobranehitUa   1                                                            * — 46 

To  these  I  have  now  the  pleasure  of  adding  a  fish  of  the  genus 
CalacanihiLs,  and  have  also  obtained  evidence,  from  scales,  of  two 
other  species  as  yet  undeteimined.  The  honour  of  the  first  dis- 
covery is  due  to  Mr.  W.  Porter,  of  Pilton,  who  on  July  7  presented 
me  with  a  portion  of  a  Carboniferous  nodule,  containing  a  fish 
measuring  6*25  inches  from  the  end  of  the  snout  to  the  extremity 
of  the  caudal  fin,  and  1*85  inches  in  breadth.  The  scales  are  covered 
with  minute  striee. 

I  at  once  submitted  the  fossil  to  Mr.  B.  Etheridge,  F.B.S.,  who 
informs  me  that  it  is  nearly  sJlied  to  Calacanthua  granulosus, 
Agassiz,  from  the  Permian  beds  of  the  North ;  whilst  the  scales 
resemble  those  of  C.  elegane,  Newberry.  Unfortunately  there  are 
no  teeth  visible,  nor  pectoral  fin.  It  may  safely  be  called  a  new 
species. 

^  Trans.  Deron  Assoc,  vol.  ii.  pp.  425,  426. 

*  Trans.  Bojal  GeoL  Soc.  of  Uomwall,  yoL  yL  p\|.  121^  1&%. 
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The  noilule  was  found  at  Inatow,  in  one  of  the  clayey  beds  traTBrt- 
ing  the  Carbonifoniua  grit«,  which  here  occupy  a  nearly  vertical 
position.  I  have  often  worked  in  the  same  Ioc&]ify.  and  dnring  the 
laat  ten  years  have  ohtained  a  great  number  of  BimUar  nodules  ;  but, 
to  fnr,  bad  never  known  tUem  to  contain  any  other  foBsils  besid«a 
Gonialilea,  Streplorhjinchaii  crenitiria,  Spiri/erie,  and  plant -remaioi. 
However,  on  a  careful  re-examination  of  these  specimens,  I  detected 
Bcalea  belonging  to  the  enme  fish  upon  four  different  fragments  of 
rock,  and  on  removing  more  of  the  Htone,  found  beneath  the  surface 
eoales  of  two  other  epecies. 

A  continuation  of  the  search  will,  no  doubt,  afford  further  reentts, 
and  I  trust  will  enable  me  to  deecribe  and  figure  these  new  fossils. 


ITOTICES      OIF      iiB^urOIIEaS. 

I, — NoDTEAU    Bassin    Hooiller    DEcocTEttT    oans   i.b   Luibodbo 

HoLLANDAia. — [On  a  hew  Coai-fikid  in  Ddtch  Limbvko.] — A 

privately  printed  Report,  by  Prof.  G.  Lambert,  of  Louvain,  dated 

March,  187G.     Two  Maps  and  a  Plate  of  Sections.     Abstracted 

and  Translated  by  G.  A.  Libocr,  F.G.S.  London  and  Belgium. 

"  TN  the  early  days  of  Coal-mining  in  Europe  those  portions  ouly 

J.     of  the  Coal-measures  were  made  use  of  which  cropped  out  st 

the  surface,  or  were  not  overlain  by  more  recent  formations.     As  by 

degrees  tliese  portions  have  boeonie  exhausted,  the  workings  hav? 

been  extended  beneath  the  newer  rocks. 

"  It  is  thus  that  in  Westphalia,  Belgium,  Northern  France,  and 
the  North  of  England,  the  Coal  area  worked  or  known  is  now  ten 
times  what  it  was  fifty  years  ago. 

"  Especially  of  recent  years  has  the  increase  in  the  price  of  coal 
given  rise  to  the  most  active  and  successful  researches  and  explora- 
tions. 

"  Hence  the  formation  of  a  great  Coal-mining  centre  in  the  De- 
partment of  the  Pas-de- Calais,  in  France.  Hence  also  the  splendid 
discoveries  which  have  been  made  in  the  northern  part  of  the  Ruhr 
basin.  In  this  basin,  towards  the  north,  a  new  Coal-bearing  zone 
has  been  determined  and  entered  upon,  not  less  than  15  kilometres 
in  breadth,  and  to  which  no  northern  limit  has  yet  been  found.  On 
the  contrary,  it  appears  as  if  the  thickness  and  regularity  of  the 
seams  increased  as  the  workings  gradually  advanoe  iu  that  direction.' 
"  The  increase  in  thickness  towards  the  north  of  the  beds  over- 
lying the  Coal -measures  delays  the  establishment  of  collieries  in  this 
new  Coal-field. 

"  Fortunately,  these  beds  belong  almost  exclusively  to  the  Lower 
Cretaceous,  and  consist  of  unctuous  clayey  marls,  which  hold  very 
little  water,  are  easily  worked,  and  do  not  fall  in  ;  so  that  pita  five 
metres  in  diameter  can  be  sunk  to  the  Coal-measures,  i.e.  200  or  300 
metres  in  depth,  at  less  cost  than  has  been  incurred  for  several 
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shafts  of  from  50  to  100  metres  in  the  *  ooachant '  distriot  of  Mons — 
sunk  through  mach-fissared  and  open  ohalk,  and  eepeoiallj  through 
the  hands  of  flints,  with  much  water,  whioh  are  never  ahisent  from 
the  lower  part  of  this  chalk  in  Hainault 

**  In  the  northernmost  part  of  this  new  zone,  and  in  the  neigh* 
boorhood  of  the  Biver  Lippe,  the  Tertiary  sands  overlying  the 
Cretaceous  rocks,  and  the  Permian  Magnesian  limestones  which 
seem  to  oocnr  there,  will  probably  offer  great  difficalties  in  pit- 
sinking.  It  is,  however,  scarcely  necessary  to  trouble  oneself  on 
this  head,  since  the  more  easily-attainable  portion  is  sufficient  to 
meet  the  requirements  of  many  years  to  come." 

[Here  follows  a  reference  to  some  Sections  given  in  a  Plate  ap- 
pended to  the  Report.  These  Sections  illustrate  the  structure  of  the 
Coal-fields  of  the  Buhr,  of  Theuz,  and  of  Durham.  A  Section  taken 
from  a  well-known  English  paper  shows  the  Coal-fields  of  Canobie 
and  Plashetts,  and  from  the  context  it  would  appear  that  the  author 
regards  the  latter  as  of  Coal-measure  age.  This  is  a  mistake;  the 
Coal-seams  of  North-west  Northumberland  belonging,  it  need  scarcely 
be  said,  to  the  Carboniferous  Limestone  series.] 

''  A  striking  fact  is  revealed  by  the  examination  of  these  three 
sections,  and  by  a  study  of  the  three  great  basins  to  wiiich  they 
relate,  viz.  that  in  these  three  basins  the  southern  portion  of  the 
Coal-measures  is  much  contorted  by  pressure  in  every  direction 
exerted  upon  them  during,  or  soon  after,  their  formation,*  and  prior 
to  the  deposition  of  newer  beds. 

''  It  follows  that  the  southern  limit  of  these  basins  is  very  irregular, 
and  that  at  certain  points  lateral  basins  are  found  branching  off 
from  the  principal  ones,  or  even  small  circumscribed  isolated 
basins. 

"  To  the  north,  on  the  other  hand,  as  is  shown  by  the  Sections  of 
the  EngliBb  and  French  basins,  there  is  great  regularity,  apparently 
increasing  in  that  direction,  as  does  also  the  richness  of  the  basin. 

"  This  fact  is  of  great  importance  with  regard  to  future  explora- 
tions at  points  lying  between  these  Sections;  for  wherever  the 
known  portions  will  show  much  dislocation,  numerous  changes,  and 
high  angles  of  dip,  it  will  be  well  to  explore  the  northern  part  to  a 
great  distance,  in  order  to  see  whether  the  principal  r^ular  basin 
does  not  lie  in  that  direction. 

"From  this  point  of  view  Dutch  Limburg,  and  probably  also 
Northern  Belgium,  are  favourably  situated  for  the  discovery  there 
of  the  prolongation  of  the  Coal-measures. 

"  It  is  admitted  that  the  Belgian  Coal-measures  are  due  to  the 
same  mode  of  formation  as  those  of  Grermany  and  the  North  of 
England,  between  which  they  lie,  and  of  which,  in  our  opinion, 
they  should  be  considered  as  forming  part. 

"A  recent  fact  justifies  this  assertion.  The  prolongation  of  the 
basin  of  the  Buhr  to  the  west,  now  well  proved  by  the  Homberg 
pit,  on  the  left  bank  of  the  Bhine.  And  besides  this,  the  discovery 
of  coal  at  Crefeld,  that  is  to  say,  much  further  west  of  the  Bhine. 

"  This  extension  is  moreover  clearly  indicated  by  th^  ^w^TdL%\x'2KS^ 
of  the  enoaaing  primary  rooks. 


414  Reports  and  Proceedings — 

"  Od  loofeiug  into  the  matter  carefally,  it  is  easy  to  aee,  that  in  its 
westernmost  part  the  Gennaa  basin  bends  slightly  to  the  south,  and 
from  what  wo  have  said  above  it  is  also  easy  to  perceive  that  the 
baeins  of  Stalberg  and  the  Worm  raereiy  form  the  Bouthem  ridge  of 
the  great  basin." 

"  According  to  this  view,  the  Coal-measure  zone  in  question  would 
extend  nearly  continuously  from  Eastern  Westphalia,  or  from 
the  sources  of  the  Lippe  near  Paderborn,  to  Scotland,  about  250 
leagues.  Compared  to  other  neighbouring  geological  formations, 
and  even  to  other  Coal -bearing  deposits,  this  grrat  extea- 
Bion  18  not  astonishing,  since  the  great  Carboniferous  horizon 
of  North  America  is  worked  over  a  distance  of  more  than  350 
leagues  from  E.  to  W.  I  In  other  words,  this  deposit  is  within 
reach  over  nearly  that  entire  distance.  With  us,  or  in  Europe,  the 
points  which  are  rich  and  easily  worked,  such  as  everything  seems 
to  show  that  the  Dutch  Lirabuvger  one  will  be,  have  bitherto  been 
few  and  rather  limited  in  extent-  Tliia  is  no  doubt  why  their 
connexion,  or  the  continuity  of  the  great  deposit,  bad  never  until 
now  been  clearly  recognized.  We  may  add  tliat  if  tbo  northern 
extension  of  the  Belgian  basin  has  not  been  inquired  into  before,  it 
IS  because  the  question  is  of  purely  scientific  interest,  the  value  and 
extent  of  that  part  of  it  which  was  already  known  having  easily 
satisfied  the  demand  hitherto," 

[Here  follow  partioulars  as  to  previous  trials  for  ooal  In  Dntdh 
Limburg.] 

"  Four  borings,  Noa.  1,  2,  3,  and  4,  have  been  put  down  at  con- 
siderable distances  apart,  and  in  each  case  the  Coal-measures  with 
coal  have  been  proved," 

[The  accounts  of  these  borings  are  then  given  in  detail.  From 
them  the  dip  of  the  Coal-measures  is  inferred  to  be  1-16  in  100  to  the 
North.  Then  comes  an  estimate  of  the  area  of  the  new  Coal-field, 
which,  according  to  the  author,  is  at  least  10  kilometres  in  breadth. 
In  a  letter  to  Prof.  Prestwich,  F.R.S.,  Prof,  Lambert  adds  the  follow- 
ing paragraph.] 

"  To  the  reasons  which  I  have  given  in  favour  of  the  northern 
extension  of  the  Coal-fields  of  Germany,  France,  Belgium,  and 
England,  and  of  their  continnity,  it  may  be  added  that  north  of  the 
Eulir  baain  at  Osnabruck  and  at  Ibbenbum  (north  of  tbe  Permian), 
well -characterized  Millstone-grit  occurs  with  seams  of  coal — or, 
better,  of  anthracite,  dipping  to  tbe  South. 

"  Lastly,  is  it  reasonable  to  suppose  that  the  Coal-measures 
running  from  Paderbom  eastward  to  the  Channel,  and  probably  as 
far  as  Scotland  to  the  West,  has  not  a  breadth  proportional  to  its 
length,  as  is  the  case  with  all  the  Carboniferous  formations  ?  " 

HEFOETS   JL.lSriD    FK.OCEEnDI15rC3-S. 

Geological  Society  of  London. — I, — Jnoe  7th,  1876.  Prof,  P. 
Martin  Duncan,  M.B.,  F.R.S.,  President,  in  the  Chair.— The  follow- 
ing communications  were  read: — 

1,    "On  British  Fossil  Grelaowins  "Bui*,"      By  Harry  Govier 
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Seeley,  Esq.,  F.L.S.,  F.G.S.,  Professor  of  Physical  Gteograpbj  in 
Bedford  CoU^e,  London. 

In  this  paper  the  author  gave  an  aoooont  of  the  remains  of  birds 
which  have  been  collected  from  the  Cambridge  Upper  Greensand. 
Of  the  head,  the  only  portion  yet  recognized  is  that  paxt  of  the  brain- 
case  behind  the  parieto-frontal  suture.  It  indicates  a  skull  as  large 
as  that  of  the  red-throated  Diver,  which  it  resembles  in  details  of 
stmcture.  The  vertebral  column  is  represented  by  lower  cervical 
vertebrGB,  which  have  the  centrum  small  and  compressed  from 
side  to  side.  The  dorsal  vertebras  are  small,  rounded  on  the 
under  side  as  in  the  Gannet,  and  often  have  the  articular  ends 
biconcave,  or  have  a  concavity  in  the  centre  of  the  saddle.  There 
were  transverse  processes  as  in  modem  birds,  and  the  ribs  had  a 
similar  double  articulation.  The  sacrum  was  unusually  large,  and 
indaded  many  vertebrsB.  Its  anterior  end  resembles  that  of  a  Gull's 
saomm,  in  being  flattened  or  concave.  The  vertebrae  are  rounded 
snteriorly,  and  distinguishable  from  each  other;  but  posteriorly 
they  are  blended,  and  resemble  the  postarticular  part  of  the  sacrum 
of  the  Diver.  Some  small  vertebrse  were  thought  to  be  caudal,  and 
considered  to  be  probably  elements  of  the  ploughshare,  or  ob  eoceigU, 

No  trace  of  any  bone  of  the  anterior  limb  has  been  detected ; 
while  of  the  hinder  limb,  the  femur,  tibia,  fibula,  and  tarso-meta- 
tarsus  are  all  known.  The  femur  and  tarso-metatarsus  are  the 
bones  most  like  those  of  the  Diver.  The  fibula  is  unusually  large. 
The  tibia  has  a  moderate  patelloid  process,  and  shows  resemblances 
to  several  water  birds.  The  bones  are  so  fragmentary  that  the  size 
of  the  animal  can  only  be  given  roughly  as  similar  to  that  of  the 
Diver,  but  with  a  shorter  neck.  The  affinities  of  the  animal  are 
strongest  with  Colymhus.  It  also  closely  resembles  Prof.  Marsh's 
Cretaceous  genus  Hesperomist  and  like  that  genus  may  be  supposed 
to  have  had  teeth.  The  species  were  described  as  Enaliomis  Barretli 
and  E.  Sedgwieki.  Some  bones  were  also  described  thought  to 
indicate  birds  in  which  the  extremities  of  the  bones  remained  un- 
ossified  throughout  life. 

2.  "  On  two  Cbimaeroid  Jaws  from  the  Lower  Greensand  of  New 
Zealand."  By  E.  T.  Newton,  Esq.,  F.G.S.,  of  H.  M.  Geological 
Survey. 

The  two  jaws  which  were  the  subject  of  this  communication  form 
pa^  of  the  collection  of  fossils  from  the  Lower  Greensand  of  New 
Zealand  deposited  in  the  British  Museum  by  Dr.  Hector.  One  of 
the  specimens,  a  right  mandible,  was  referred  by  the  author  to 
Isehyodus  breviroBtrtB,  Ag.,  a  species  from  the  Gault  of  Folkestone, 
hitherto  known  only  by  name,  no  description  or  figure  of  it  having 
been  as  yet  published.  Through  the  kindness  of  the  Earl  of  Ennis- 
killen,  the  original  type-specimen  of  this  species  was  exhibited  to 
the  Society.  The  author  then  described  a  perfect  mandible  from 
the  Cambridge  phosphatic  deposits,  and  stated  that  the  examina- 
tion of  a  large  series  of  specimens  showed  a  considerable  variation 
in  the  form  of  the  teeth  in  dififerent  individuals.  The  New  Zealand 
mandible  was  then  compared  with  these  British  specimens^  and  ^«& 
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said  to  differ  less  from  aome  of  thorn  tlian  they  did  among  th«aii- 
selves. 

Tlie  second  specimen,  a  Rmall  right  maxitla,  posseesing  bnt  ona 
tootb,  (tnd  this  of  a  peculiar  form,  wbs  compared  with  the  cotte- 
sponding  bone  id  I»chyoda»,  Edaphodoa,  Elmmodiu,  Ganodvi,  CH- 
mcBra,  and  CallorhynchHi.  Tiie  form  of  the  tooth  appeared  to  agree 
better  with  that  of  the  last-named  genua  thaa  with  any  of  the 
othoi-s;  but  reasons  were  given  for  believing  that  it  differed  gon*- 
ricalty  from  this,  and  from  all  other  known  forms  of  Cliinuerad 
jaws ;  and  the  author  tlierefore  proposes  to  call  it,  in  allusion  to 
the  foi-m  of  the  tootb,  Vp»ihdn*  Seelori. 

3,  '■  On  a  Bone-bed  in  the  Lower  Coal-measures,  with  an  Ename- 
ratiou  of  the  Fish-remains  of  which  it  is  principally  composed,"  By 
J.  W.  Davis.  Esq..  F.L.S.,  F.G.S. 

In  this  paper  the  author  described  a  thin  bed  composed  chiefly  of 
remains  of  tiabea,  which  rests  immedistely  upon  tJie  "Better-bed 
Coal  "  of  the  Lower  Coat-measures  in  Yorkshire.  The  bed  varie* 
from  a  quarter  to  five-eighths  of  an  inch  in  thickness,  and  is  over- 
lain by  a  thick  bed  of  blue  ai'gillaceous  shale,  containing  romains  of 
plants.  The  author  described  tbe  order  of  the  deposits  both  above 
and  below  the  "  Bone-bed,"  and  gave  a  list  of  the  organisms  of 
which  remains  are  found  in  tbe  latter,  including  species  of  G^to- 
ennlhut,  Clettaeanthut,  Zepracaitlhut,  Acanthodee,  Pleuraeanikai, 
Orthncanthu,  Diplodng,  Pleurodue,  Helodue,  Cladodua.  Pticilodm, 
Petiiloihis,  Jlnrjxirodttn,  Cleiioiilijchiiis,  M'-z/aliMhije,  Holoft'/clii'iii. 
Strepsodus,  Acrolepit,  Platytomui,  AeanlhodopttK,  Amphieentntm, 
Jtbizodopsii.  Cyeloplychius,  Qyrolepix,  Palaoniscus,  Calacanlhiu,  and 
Ccenodaf.  The  author  also  described  spines  which  he  regarded  u 
indicating  two  new  genera  of  Elasmobmnchs,  one  probahly  allied 
to  PI  ear  acanthus,  and  the  other  {noplonchut)  allied  to  Onchut  and 
HomacanthuB.  Bor.es  belonging  to  the  Lahyrinthodont  genus  Lox- 
omma  are  met  with  rarely  in  the  deposit 

4.  "  Note  on  a  Species  of  Foraminifera  from  the  Carboniferous 
Formation  of  Sumatra."  By  M.  Jules  Hugueniu.  Communicated 
by  Prof.  Ramsay,  F.R.S.,  V.P.G.S. 

Tiie  author  described  some  globular  Foraminifera,  belonging  or 
allied  to  FusuUna,  from  a  Carboniferous  deposit  containing  Prodne^ 
and  PhiUipsite,  which  occurs  N.E.  of  Padang  and  8.  of  the  lake 
of  Singkai'ak  in  Sumatra.  The  author  described  the  structure  of 
these  fossils,  which  be  compared  with  Futulina  eylindrica  and  F. 
dejiressa,  and  arrived  at  the  conclusion  that  they  belong  to  a  new 
which  perhaps  the  North  American  Futnltna  robasta  also 


"  On  the  Triasaic  Rocks  of  Somerset  and  Devon."  By  W.  A. 
E.  Ussher.  Esq.,  F.G.S. 

Tlio  author  stated  that  the  Trias  of  Devon  and  Somerset  was 
divisible  into  tliree  groups,  occupying  distinct  areas. 

Tlie  first  lies  nortli  of  the  Mendip  Hills,  where  the  Trias  is 
thinnest  and  assumes  its  simplest  character,  consisting  of  marls  and 
Bolomitlc  conglomerate,  the  former  predominating,  the  latter  not 


Geological  Society  of  London.  417 

only  occnrring  as  a  basement  series,  but  in  some  cases  persisting 
continuously  upwards  as  the  marginal  equivalent  of  the  marl,  as 
Bhsetic  beds  overlie  both  alike.  South  of  the  Mendips  the  Trias  is 
similarly  constituted,  but  is  of  much  greater  thickness. 

The  second  area  embraces  the  country  south  of  the  Polden  Hills 
as  far  as  a  north  and  south  line  through  Taunton. 

The  chief  portion  of  the  Trias  in  this  area,  as  in  the  northern, 
consists  of  marls ;  but  unless  the  breccias  of  Wembdon,  near  Bridge- 
water,  are  portions  of  a  basement  series,  faulted  up,  but  elsewhere 
concealed,  the  lower  division  consists  of  sandstones  found  resting  on 
the  flanks  of  the  Quantocks,  flanking  outliers  of  the  older  rocks, 
and  here  and  there  faulted  up. 

In  the  lower  parts  of  the  marls  in  the  Yale  of  Taunton  and  other 
places  occasional  beds  of  sandstone  are  found,  which  from  their 
position  may  be  regarded  as  equivalent  to  the  Upper  Keuper  Sand- 
stone of  Professor  Hull.  The  sandstones  of  this  area  differ  from 
the  conglomerates  of  the  Mendip  country  in  occupying  a  definite 
subordinate  horizon  to  the  marls,  and  not  dovetailing  into  them. 

The  third  area,  bounded  on  the  north  by  the  Bristol  Channel,  on 
the  south  by  the  English  Channel,  on  the  east  by  the  Blackdown 
range,  and  on  the  west  by  the  Culm  and  Devonian  highlands, 
pi-esents  the  most  complex  relations  of  the  Trias  in  the  south- 
western counties. 

The  upper  member  of  the  series,  as  in  the  other  districts,  consists 
of  marls ;  they  contain  occasionally  thin  beds  of  sandstone  towards 
the  base,  which  may  be  considered,  although  apparently  of  local 
occurrence,  as  Upper  Keuper  Sandstone.  They  are  underlain  by 
sandstones.  In  these  two  upper  divisions  we  have  the  continuation 
of  the  whole  Triassic  series  of  the  second  area ;  and  in  the  third 
underlying  division  conglomerate  and  pebble-beds.  From  Watchet 
to  a  point  west  of  Wellington  this  division  is  represented  by  hard- 
bedded  conglomerate,  thence  to  the  south  coast  by  sands  with 
rounded  grains  and  pebbles,  at  first  of  quartz  grit  and  slate, 
gradually  giving  place  to  the  large  foreign-derived  quartzites  of 
Budleigh  Salterton. 

A  second  series  of  marls  is  found  to  underlie  the  conglomerate 
and  pebble-beds  conformably.  This  attains  as  much  as  500  feet  in 
thickness  near  the  south  coast,  but  in  the  northern  part  of  the 
district  does  not  appear  to  exceed  200  feet. 

llie  base  of  the  series  is  composed  of  sandstone,  breccia,  and 
occasionally  clays,  occurring  at  different  horizons  in  different  parts  of 
the  area,  and  each  variety  locally  predominant  over  the  others. 

The  clay  beds  appear  to  be  confined  to  the  neighbourhoods  of 
Exeter  and  Crediton.  The  upper  part  of  the  division  south  of 
Bradninch  seems  to  consist  of  red  sandstones,  the  lowermost  and 
principal  part  of  the  division  consisting  of  breccia.  North  of  Brad- 
ninch the  sandstone  occupies  the  principal  portion  of  the  division, 
sometimes  apparently  to  the  exclusion  of  the  breccia.  Towards 
Wiveliscombe  the  upper  part  of  the  series  for  from  15  to  30  feet 
consists  of  breccia  and  breccia-conglomerate,  the  ma^ot  '^vvxX,  ^ssvi.- 

DECADB  II. —FOL.  III. — NO.  IX.  '11 
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ooast-Iine  of  fhe  luke  is  proceeding  at  the  rate  of  from  30  to  40  (eel 
in  tweuty  years. 

Fringbg  the  basin  of  Lake  Oatario  are  terraced  highlands  of 
loose  gravel,  with  here  and  there  apparent  etratificatioa  of  a  partial 
obaracl«r,  called  Artemisia-grarel  by  the  Canadian  Survey.  A 
peculiar  feature  of  these  gravel  ridges  is  the  preneuce  in  them  of 
nuiuerons  small  lakes.  The  author  records  the  bursting  of  ^K 
natural  dam  of  one  of  these  lakes,  and  raentious  the  occurrence  of  & 
peculiar  hollow,  probably  the  basin  of  a  lake  that  burst  in  a  aimiUr 
way  in  former  times. 

Freshwatfir  ah  ell -deposits  occur  here  and  there ;  further  down  tLe 
river  a  brackish- water  sliell  is  found  in  them;  and  tbey  are  re- 
placed lower  down  by  marine  deposits.  The  author  quotes  varioM 
opinions  relative  to  the  formation  of  these  ternu^es  and  shell -depoeitt 
by  supposing  the  former  existence  of  a  barrier  of  ice  or  rock  lovfer 
down  the  river,  and  concludes  that  by  these  phenomena  noteworthy 
alterations  are  year  by  year  being  made  on  (he  surface  of  tbc  land. 

4.  "  The  Glacial  Climate  and  the  Polar  Ice-cap."  By  Joseph 
John  Murphy,  Esq..  F.G.8. 

The  author  agrees  with  Mr.  Croll  in  thinking  that  a  glacial  epoch 
must  be  one  of  maximum  eccentricity  of  the  earth's  orbit,  and  that 
the  northern  and  southern  hemispheres  during  such  an  epoch  mosl 
be  glaciated  alternately ;  but  he  maintains,  in  opposition  to  that 
writer,  that  tlio  glaciated  hemisphere  must  have  its  summer  in 
aphelion.  He  intends  this  paper  to  be  a  reply  to  Mr.  Croll's  ob- 
jections to  this  theory  as  put  forth  in  his  work  on  "  Climate  and 
Time,"  The  author  holds  that  some  of  Mr.  Croll's  conclusions  are 
erroneous,  and  concludes  with  some  remarks  on  Mr.  Tyler's  paper 
read  before  the  Society  in  April,  1875. 

5.  "  On  the  Discovery  of  I'lanta  in  the  Lower  Old  Bed  Sandstone 
of  the  Neighbourhood  of  Callander,"  By  R.  L.  Jack,  Esq.,  F.G.S., 
and  R.  Etheridge,  Jun.,  Esq.,  F.G.S.,  of  the  Geological  Survey  of 
Scotland. 

Tike  authors  give  an  abstract  of  the  various  previous  references 
to  the  existence  of  remains  of  land-plants  in  deposits  of  Old  Red 
Sandstone  age,  and  mention  the  following  localities  in  Scotland  in 
whicli  such  remains  have  recently  been  discovered  by  tbem  :— 
1,  Kuohanan  Castle  Quarry,  near  Drymen ;  2.  Old  Quarry  at  small 
reservoir  at  Ktlmahew;  3.  Green  Bum,  Kcltie  Water;  4.  Eeltie 
Water,  above  Chapelrock  ;  S.  Keltic  Water,  below  Brackland  Linns: 
6.  QiiBiTy  at  Karnes  Farm,  near  Callander;  7.  Quarry  at  Eaaterhill, 
near  Gartmore;  8.  Quarry  in  Cameron  plantation,  near  Alexandria; 
9.  Turnpike  road  at  Overballoch,  Loch  Lomond  ; — and  the  localities 
from  which  the  specimens  noticed  in  this  paper  were  obtained, 
namely,  a  quarry  2\  miles  from  Braendam  House,  and  the  south- 
west comer  of  Muir  plantation,  near  Callander.  The  plant-remains 
are  described  as  being  of  a  very  fragmentary  nature,  and  as  oc- 
curring in  the  two  last-named  localities  in  a  deposit  consisting  of 
greenish-grey  flags  and  thin-hedded  sandstones  about  500  feet  in 
thickness,  the  best  specimens  being  in  the  sandstone.    They  present 
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the  appearance  of  elongated  flattened  steins,  about  one  inch  wide 
on  the  aTorage,  sometimes  represented  only  by  casts,  sometimes  by 
black  carbonaceous  films.  They  are  ornamented  with  a  series  of 
pncker-like  depressions  when  seen  from  the  interior,  or  with  a 
number  of  wart-like  eminences  when  viewed  externally.  The  latter 
are  the  scars  of  the  points  of  issue  of  the  vascular  bundles  passing  to 
the  leaves.  Along  the  margins  are  seen  spines  or  thorn-like  projec- 
tions, which  may  be  the  leaves  or  their  bases ;  these  are  apparently 
arranged  in  spiral  rows.  Some  stems  appear  to  show  dichotomous 
branching.  The  authors  discuss  the  relationships  of  these  remains 
with  other  described  Devonian  forms,  and  regard  them  as  most 
nearly  allied  to  Psilophytan  princeps,  Dawson.  They  describe  the 
plant  with  doubt  as  a  species  of  Psilophytan. 

6.  "  On  an  adherent  Form  of  Products  and  a  small  Spiriferina 
from  the  Lower  Carboniferous  Limestone  Group  of  the  East  of 
Scotland."  By  R.  Etheridge,  Jun.,  Esq.,  F.G.S.,  of  the  Geological 
Survey  of  Scotland. 

The  author  commenced  by  summarizing  the  different  views  that 
have  been  expressed  by  writers  as  to  the  mode  of  life  of  the  Pro- 
duett,  and  the  function  to  be  ascribed  to  the  spines  with  which  their 
shells  are  furnished,  in  order  to  show  the  uncertainty  that  prevails 
upon  these  points.  He  then  described  specimens  of  a  small  Pro- 
ductus,  found  attached  to  encrinite  stems  and  fragments  of  Polyzoa, 
in  the  shale  over  the  No.  2  Limestone  of  the  Lower  Carboni- 
ferous Limestone  group,  chiefly  in  the  neighbourhood  of  Dunbar. 
The  shells  are  attached  by  having  some  of  the  spines  of  the  ventral 
valve  wound  tightly  round  the  bodies  to  which  they  adhere,  some- 
times singly,  sometimes  in  clusters,  the  number  of  spines  implicated 
in  the  adhesion  varying  from  two  to  seven  or  more.  The  attach- 
ment took  place  during  the  life  of  the  Crinoid,  as  evinced  by  the 
subsequent  growth  of  the  latter,  leading  in  many  cases  to  the  more 
or  less  complete  imbedding  of  the  Productus,  From  the  considera- 
tion of  the  characters  presented  by  the  more  mature  valves,  the 
author  stated  that  the  nearest  affinity  of  this  species  of  Productus 
appears  to  be  with  P.  Wrightiif  Dav.,  but  that  it  shows  peculiarities 
allying  it  to  P.  longispinus.  Sow.,  P.  scabrictduSf  Mart.,  and  P.  un- 
datus,  Defr.  He  was  not  prepared  to  describe  it  as  a  distinct  species, 
but  suggested  for  it  the  name  of  Productus  complectens,  in  allusion  to 
its  embracing  habit,  in  case  of  its  proving  to  be  distinct. 

The  Spiriferina  described  by  the  author  was  compared  by  him 
with  8.  crislata,  Schl.,  var.  octoplicata.  Sow.,  and  with  S.  insculpta, 
Phill,,  from  both  of  which  it  differs  in  certain  characters ;  but  as 
only  one  specimen  has  been  met  with,  he  refrained  from  founding  a 
new  species  upon  it.  The  specimen  is  from  Fullarton  Quarry,  near 
Temple,  Edinburghshire. 

7.  "  Notice  of  the  Occurrence  of  Remains  of  a  British  Fossil  Z^g- 
lodon  (Z.  Wanklyni,  Seeley)  in  the  Barton  Clay  of  the  Hampshire 
Coast"  By  Harry  Govier  Seeley,  Esq.,  F.L.S.,  F.G.S.,  Professor  of 
Physical  G^eography  in  the  Bedford  College,  London. 

In  this  paper  the  author  described  the  remains  of  a  speclea  c^C 
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Zeuglodon  obtained  by  tlio  late  Dr.  A.  Wanklyn  from  the  Barton  Cliff, 
consiBting  of  &  great  part  of  the  ekull,  about  the  same  siae  as  tliU 
of  Zeiiglodou  brachyBpondglns,  Mailer.  The  bonea  preserved  are  tiie 
maxillary,  frontal,  and  jjarietal  bones.  The  left  maxillary  showB 
tlie  remains  of  live  t«elh  in  a.  length  of  rather  lees  than  seven  inches. 
the  first  two  of  which  bad  simple  oonical  crowns  and  a  single  fnog; 
l!ie  sockets  of  these  are  elHptica!.  The  third  tooth  is  considerably 
compi-essed,  with  a  sharp  margin,  wbiob  has  four  email  deuticlea  en 
eneh  side  of  the  lai^e  median  denticle.  The  following  teeth  exhibit 
somewhat  similar  characters,  and  each  possesses  two  fangs.  A 
fingle  toolh,  resembling  the  canine  of  a  Carnivore,  was  foimd  with 
the  specimun,  and  was  probably  one  of  those  missing  from  tho  firrt 
Bocfcets.  The  characters  of  the  bones  of  the  head  were  deecrilted  in 
more  or  less  detail ;  the  frontal  region  is  flattened,  with  a  sharp  crest 
continued  along  the  parietal  region,  as  in.^.  brachyepondylag ;  but  tlie 
crest  is  not  flattened  posteriorly  into  a  narrow  table,  as  in  that 
species,  nor  is  tho  i>ai  ielal  united  with  the  frontal  by  a  folded  suture. 
Tlie  speciee,  named  2.  Wanklyni  in  memory  of  its  discoverpr,  differ? 
from  all  known  species  of  the  genus  in  the  shortness  of  the  inter- 
spaces between  the  teeth. 

8.  "  On  the  Remains  of  Emyg  HordviellensU,  from  the  Lower 
Hordwell  Beds  in  the  Hordwell  Cliff,  contained  in  the  Woodwardian 
Museum  of  the  University  of  Cambridge."  By  Harry  Govier  Seeley, 
Esq..  P.L.S-,  r.G.S..  etc. 

The  remains  described  by  the  author  consist  of  eome  fragments 
constituting  the  greater  part  of  the  plastron  and  carapace  of  a  species 
of  Ehiyi  obtaiued  from  a  lied  in  Hordwell  Cliff  abont  20  feet 
below  that  which  yields  the  chief  remains  of  Crocodilut  Easlingiia, 
and  about  10  feet  above  the  brackish -wafer  Upper  Bagshot  beds. 
Tho  preserved  portion  of  the  carapace  is  9  inches  long;  when  perfect 
it  was  probably  about  12  inches  long  and  10  inches  broad.  Its 
distinctive  chai'acters  were  said  to  be  the  broad,  short  gular  scute, 
with  sinuous  sutures ;  the  subtriangular  nuchal  scute ;  the  subpen- 
tagonal  first  vertebral  scute,  broader  than  the  succeeding  quadrate 
vertebral  scutes  ;  and  tho  concentric  ornamentation  left  on  the 
carapace  and  plastron  by  all  the  scutes.  The  author  proposed  for 
the  species  the  name  of  £nijs  HordteelUntie. 

9.  "  On  an  associated  series  of  Cervical  and  Dorsal  Vertebra  of 
Polyptychodon  from  the  Cambridge  Upper  Greensand,  in  the  Wood- 
wardian  Museum  of  the  University  of  Cambridge."  By  Harry 
Govier  Seeley,  Esq.,  F.L.S.,  E.G.S.,  etc. 

The  autlior  remarked  upon  the  rarity  of  vertebne  of  Polyptt/ehodcm 
in  the  Cambridge  Greensand  in  comparison  with  the  abundance  of 
teeth,  and  stated  that  those  collected  do  nut  appear  to  be  the  remains 
of  more  than  two  individuals,  probably  representing  two  species. 
One  series  from  Haslingfield  was  described  and  figured  by  Prof. 
Owen  in  1860 ;  the  other,  somewhat  smaller  series,  described  in  the 
present  paper,  is  from  the  Huntingdon  Road.  The  author  described 
in  detail  the  structure  of  the  atlas  and  axis  and  of  the  five  succeeding 
(cervical)  vertebrae ;  nine  dorsal  vetrtebne  were  also  described. 
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10.  "On  Orocadilua  icenieuB,  Seeley,  a  second  and  larger  Species 
of  Crocodile  from  the  Oambri^e  Upper  Greensand,  contained  in  the 
Woodwardian  Mnseum  of  the  Uniyersity  of  Cambridge."  By  Harry 
Govier  Seeley,  Esq.,  F.L.S.,  P.6.S.,  etc 

In  this  paper  the  anther  described  a  cervical  and  a  dorsal  vertebra 
of  a  new  species  of  Crocodile.  The  former  is  probably  the  'last 
cervical.  It  is  2^  inches  long,  and  differs  from  that  of  existing 
Crocodiles  in  the  large  size  of  the  parapophyses,  the  distinct  anterior 
notch  in  the  nennJ  arch  for  the  vertebral  nerve,  and  the  perfect 
convexity  of  the  articular  ball.  The  dorsal  vertebra  is  the  sixth  or 
seTenth ;  it  meaaares  2^  inches  in  length,  and  shows  a  depression 
and  perfect  convexity  of  the  articular  ball,  which  distinguish  it 
from  existing  species.    The  animal  was  probably  about  16  ft.  long. 

11.  "On  Mderurosanms  semnus,  Seeley,  a  Long-tailed  Animal 
with  Procoelous  YertebrsB,  from  the  Cambridge  Upper  Greensand, 
preserved  in  the  Woodwardian  Museum  of  the  University  of  Cam- 
bridge."   By  Harry  Oovier  Seeley,  Esq.,  F.L.S.,  F.G.S.,  etc 

Hie  author  described  a  series  of  about  40  associated  and  nearly 
successive  caudal  vertebrsB  obtained  from  one  of  tlie  deeper  phospha- 
tite  workings  on  Coldham  Common.  The  tail,  when  complete,  prob* 
ably  incladed  50  vertebrsB,  and  measured  15  feet  in  length.  The 
articulations  of  the  earlier  vertebras  are  procoelous,  then  they  become 
nearly  flat,  then  biconcave,  and  towards  the  end  of  the  tail  irregular. 
There  are  no  chevron  bones.  The  neural  arch  in  the  earlier  part  of 
the  tail  was  supported  on  pedicles  rising  from  the  centrum,  de- 
pressed and  devoid  of  neural  spine.  The  neural  arches  were  of  great 
antero-posterior  extent  and  compressed.  Tlie  author  remarked  that 
although  the  tail  as  a  whole  is  more  in  accordance  with  the  Lacer* 
tian  type  than  with  any  other  order  of  true  reptiles,  the  combination 
of  the  procoelous  character  with  the  absence  of  chevron  bones  is 
unknown  to  him  elsewhere.  He  added  that  the  metapodium  de* 
scribed  and  figured  by  him  in  1871,  under  the  name  of  Acanthopholii 
platypus,  may  perhaps  belong  to  the  foot  of  Macrurosaurus,  iu  which 
case  the  latter  would  probably  indicate  a  modification  of  the  Croco- 
dUian  type,  and  the  individual  to  which  the  tail  belonged  would 
have  been  about  80  feet  long. 

12.  "  On  the  Mechanism  of  Production  of  Volcanic  Dykes  and  on 
those  of  Monte  Somma."     By  R.  Mallet,  Esq.,  F.R.S.,  F.G.S. 

The  author  stated  that  in  1864  he  made  a  careful  trigonometrical 
survey  of  the  escarpment  of  Monte  Somma,  especially  with  reference 
to  the  numerous  dykes  by  which  the  rocks  composing  it  are  inter- 
sected. He  described  in  detail  the  phenomena  of  direction  of  the 
dykes,  especially  as  regards  the  axis  of  the  cone  of  Vesuvius ;  to  this 
direction  he  gives  the  name  of  orientatim^.  Of  twenty-seven  dykes 
ten  presented  an  approximately  vertical  line,  whilst  all  the  rest  had 
a  sensible  dip  or  "  hade."  The  dykes  are  in  no  cases  intersected  by 
coherent  beds  of  lava,  but  in  one  instance  the  top  of  a  dyke  was 
stopped  by  such  a  bed.  Many  of  the  dykes  bifurcated  or  branched, 
and  frequently  two  dykes  intersected  each  other  at  considerable 
angles.     These  and  other  circumstances  prove  that  the  dykes  were 
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produced  at  different  and  sucoeBeive  ages.  Many  of  them  wwe 
fractured  and  displaced  in  consequence  of  movementH  of  the  masH  of 
rock  traversed  by  them  ;  and  these  dislocationa  are  regarded  by  the 
author  as  indicating  the  vast  estent  and  force  of  the  internal  move- 
menta,  due  principally  to  gravity,  -which  are  conGtimtly  taking  place 
in  the  mass  of  volcanic  cones.  Those  movemeiita  greatly  influents 
the  position  of  the  dykes,  and  render  it  diiHcult  to  ascertain  th»t 
which  they  origically  occupied.  The  dykes  thin  out  at  varions 
heights,  and  their  superior  aad  northern  terminations  were  fonud  not 
to  reach  the  esisKng  surface,  notwithstanding  the  amount  of  denuJa- 
tion  that  has  taken  place ;  and  heuca  the  author  concludes  thai  they 
never  reached  the  surface  of  Somma,  when  it  was  the  wall  of  an 
active  volcano,  Tlie  author  further  indicated  a  process  by  which  beds 
or  plates  of  lava  descending  the  slopes  of  a  volcano  may  change  their 
direction,  and  becoming  imbedded  in  the  detritus  acconipanjring  or 
folloiving  them,  may,  to  a  greater  or  less  extent,  simulate  dj'kes, 
although  in  this  cat;e  the  two  aides  of  the  plate  will  present  the  dif- 
ferences always  seen  in  the  upper  and  under  surfitoes  of  a  bed  of  lava. 
The  orientation -lines  of  five  or  bik  of  the  observed  dykes  were  said  to 
pass  approximately  through  the  asia  of  the  cone  of  Vesuviua,  but 
all  the  reitt  presented  great  diversities,  and  some,  when  prolongeil, 
would  not  touch  the  cone  at  all.  In  making  a  lithological  examina- 
tion of  the  dykes  of  Somma,  the  author  directed  particular  att«ntirin 
to  the  position  of  the  elongated  air-bubbles  found  in  the  material  of 
each  dyke,  oonBidering  that  the  direction  of  the  longest  asis  of  thcM 
hubbies  would  indicate  the  flow  of  the  niatcriiil  wlieii  in  fusion. 
He  stated  that  on  the  whole  the  long  axes  of  the  bubbles  are  nearly 
horizontal  or  pointing  at  moderate  angles  upwards  in  directions 
very  nearly  parallel  to  the  plane  of  the  dykes  at  the  place  where 
they  occur.  Hence  he  inferred  that  the  dykes  were  filled  by  injec- 
tion not  from  below  but  nearly  horizontally.  The  author  further 
referred  to  the  mineralogical  characters  of  the  materials  of  the 
dykes,  and  stated  that  they  are  not  all  composed  of  leucitic  lava; 
he  also  mentioned  the  occurrence  of  cross  columnar  structure  in 
some  of  the  larger  ones.  After  referring  to  the  differences  observ- 
able in  the  physical  condition  of  the  two  surfaces  of  some  dykes,  the 
author  proceeded  to  consider  the  mode  of  the  fissures  which,  when 
filled,  constitute  volcanic  dykes.  He  maintained  that  the  production 
of  a  fissure  and  its  filling  with  molten  matter  must  have  been 
simultaneous  and  due  to  the  same  cause,  namely,  the  hydrostatic 
pressure  of  the  liquid  lava  more  or  less  filling  the  crat«r,  the 
pressure  originating  the  fissure  mto  which  the  pressing  liquid  at  the 
same  time  enters ;  a  fissure  thus  produced  and  filled  will  always  he 
widest  near  the  crater,  so  that,  if  the  material  of  the  cone  were 
perfectly  uniform,  the  dykes  produced  would  be  wedge-shaped.  But 
from  the  absence  of  this  uniformity  and  other  causes,  fissures  com- 
menced at  the  interior  and  propagated  into  the  maae  of  volcanic 
cones  can  rarely  be  uniformly  distributed  round  the  crater  or  pro- 
duced in  regular  vertical  planes  in  a  truly  radial  direction.  Henoe 
the  author  concluded  that  it  is  unsafe  to  attempt  to  fix  the  poei- 
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tion  of  an  ancient  crater  by  means  of  the  intersection  or  concurrence 
of  the  lines  of  apparent  **  orientation  "  of  dykes  alone.  The  author 
stated  that  the  intrusion  of  volcanic  dykes  cannot  so  greatly  in- 
fluence the  slope  of  volcanic  mountains  as  has  been  supposed. 

13.  <<0n  the  Metamorphic  Rocks  surrounding  the  Land's  End 
Mass  of  Granite."    By  S.  Allport,  Esq.,  F.G.S. 

In  this  paper  the  author  described  the  results  of  a  microscopic  ex- 
amination of  certain  metamorphic  rocks  surrounding  the  Land's  End 
granite,  indicating  the  changes  produced  by  the  intrusion  of  the 
latter  upon  clay -slate  and  upon  certain  igneous  rocks.  The  slates 
in  contact  with  granite  become  converted  into  tourmaline-  and  mica- 
schists,  and  are  found  to  contain  crystalline  quartz,  touimaline,  and 
three  distinct  varieties  of  mica,  with  occasionally  tremolite,  magne- 
tite (and  andalusite  ?),  and  in  some  localities  felspar.  Their  struc- 
ture is  also  changed,  the  most  remarkable  changes  being  foliation 
with  every  gradation  from  nearly  straight  parallel  lines  to  the  most 
complicated  contortions,  and  concretionary  structure  by  segregation 
of  quartz  and  mica,  the  result  being  a  spotted  schist.  The  strata 
near  the  granite  contain  far  more  quartz  than  those  at  a  distance  ; 
and  the  author  thought  that  there  could  be  no  doubt  that  much  of 
the  quartz  has  been  derived  directly  from  the  intruded  rock.  He 
referred  particularly  to  the  fluid-cavities  contained  in  the  quartz  of 
the  granite,  schorl-rock  and  altered  slates ;  and  from  his  observa- 
tions upon  them,  stated  that  he  was  compelled  to  dissent  from  the 
views  of  Mr.  Sorby,  inasmuch  as  he  found  no  uniformity  to  prevail 
in  the  relative  sizes  of  the  bubbles  and  fluid-cavities  in  the  quartz 
crystals  belonging  to  precisely  the  same  portion  of  rock,  or  even  in 
the  same  crystals.  Hence  be  regarded  it  as  impossible  to  arrive  at 
even  an  approximate  estimate  of  either  the  temperature  or  the 
pressure  under  which  a  given  rock  was  formed  from  a  consideration 
of  such  characters.  The  author  next  described  the  characters  and 
mode  of  occurrence  of  tourmaline  both  in  the  granite  and  in  the 
schorl -rock,  and  inferred  that  at  the  separation  of  the  latter  from 
the  former  the  whole  mass  was  in  a  plastic  state,  and  that  then  the 
tourmaline  and  quartz  became  crystallized  in  an  order  varying  in 
accordance  with  varying  conditions.  He  also  noticed  the  alteration 
of  tourmaline  producing  pseudomorphs  of  that  mineral ;  and  stated 
that  while  all  the  three  varieties  of  mica  found  distinctly  furnish 
the  red  lithium-line  when  treated  spectroscopically,  this  is  most 
strongly  marked  and  persistent  in  the  white  variety,  which  is  prob- 
ably a  typical  lepidolite. 

The  fdtered  dolerites  and  basalts  described  by  the  author  in  the 
remainder  of  his  paper  are  marked  as  "  Greenstones  "  on  the  map  of 
the  Geological  Survey.  They  were  stated  to  vary  in  colour  from 
dark  bluish  green  to  dark  brownish  green,  and  in  texture  from 
coarsely  crystalline  rocks,  not  fissile  in  any  direction,  to  fine-grained 
or  compact  rocks  with  an  imperfect  slaty  cleavage.  The  coarsely 
crystalline  rocks  are  regarded  by  the  author  as  altered  dolerites,  and 
some,  if  not  all,  of  the  more  compact  varieties,  as  originating  from 
fine-grained  basaltic  portions  of  the  same  rocks.     The  author  was 
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nnable  to  decide  wliether  tbese  masses  Kte  CDntemporaneoua  and 
terbedded  or  intrusive  Bheets, — both  may  be  present;  but  iu  i 
caM  they  cire  older  Ibtm  the  graaiCe.  He  described  in  some  detul 
the  stnicture  of  Bpecimens  of  these  altered  rocks  from  mftny  looh- 
ties,  the  mtcrosoopio  examinatiou  of  which  ebows  that  the  j^roi- 
enic  mineral,  whether  aiigite  or  diallage,  h&a  frequently  been  con- 
verted into  a  homblendio  substance,  and  that  actinolite  is  foimd 
filling  cavities  and  fisaures  in  precisely  the  same  manner  as  other 
products  of  alteration.  The  imperfect  oleavage  of  the  more  oompocl 
vnrieties  is  regarded  by  the  author  as  in  accordance  with  the  fMi« 
observed  in  typical  slatee.  The  mefamorphiam  of  the  dolt^rites  is 
regarded  by  him  as  different  in  kind  from  that  of  the  slates,  and 
caused  rather  by  a  decomposition  and  rearrangement  of  minenl 
iuhstances  in  niVu  than  by  an  introduction  of  new  material;  in 
miny  cases  the  process  of  alteration  may  be  followed  Bt«p  by  stqi ; 
aiij  from  the  evidence  it  would  appear  thai  two  rocks  of  simiUr 
origin  and  oomijosition  may  follow  two  different  lines  of  metamor- 
phosis, and  thus  become  converted  into  two  totally  different  sub- 
stances  ;  and  again  many  of  the  metamorphic  rocks  have  undergone 
a  second  series  of  changes,  brought  about  chiefly  by  chemical  forcM, 
Kntl  indicated  by  the  occurrence  of  mioaceous  and  chloritio  pseudo- 
morphs  after  tourmaline  and  an  alteration  (hydration)  of  the  mica- 

With  regard  to  the  origin  of  the  granite  of  Cornwall,  the  author 
said  that  neither  observation  in  the  Seld  nor  microscopical  staAj 
lends  any  support  to  the  notion  thnt  it  is  a  nictamnrphic  rock  :  but, 
on  tlie  contrary,  that  there  is  the  clearest  evidence  of  former  deep- 
seated  volcanic  action  in  the  disturbance  and  alteration  described  in 
his  paper,  and  in  the  enormous  number  of  granitic  and  felsitic  dykw 
inteisecting  the  country  for  miles.  Tlie  mode  of  occurrence  of 
granite  in  othur  localities  also  seems  to  him  to  furnish  evidence  in 
the  saiiie  direction. 

14.  "On  the  Relation  of  the  Upper  Carboniferous  Strata  of  Shrop- 
shire and  Denbighshire  to  Beds  usually  described  as  Permian."  By 
D,  C.  Dftvies,  Esq.,  F.G.S. 

Tlie  author  described  sections  obtained  at  the  Ifton  Ehyn  Col- 
lieries and  other  places  in  the  neighbourhood,  and  compared  these 
with  other  sections  displayed  in  different  parts  of  England  and  the 
continent,  and  also  in  Nova  Scotia,  and  slated  his  conviction  that 
from  the  SpiVorfttB-limestone  upwards  to  and  including  the  Permian 
we  have  one  continuous  series  of  deposits.  He  maintained  that  there 
is  no  real  general  break  in  the  sequence  of  the  strata  or  in  the  con- 
tinuity of  life,  but  only  local  unconformahilities  marked  by  equally 
local  gaps  in  the  succession  of  life. 

15.  "  Notes  on  the  Physical  Cfeography  and  {Jeology  of  North 
Gippsland,  Victoria."     By  A.  W.  Howitt,  Esq.,  F.G.S. 

The  earliest  formation  of  which  any  trace  is  left  in  this  district 
is  the  Silurian  ;  all  traces  of  any  older  rocks  being  removed,  probably 
by  the  same  agencies  which  have  contorted  and  metamorphosed  the 
Silurian  slates  and  sandatonea.  The  surface  of  all  these  Silurian 
strata  show  signs  of  great  denudation  previous  to  the  deiioaition  of 
the  Devoaiaxi.    The  period  tbs.^  ciW^s^  Vt-w^n  these  two  epochs 
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one  of  yoloanio  aotiyiiy,  apparently  subaerial  and  terrestrial, 
and  representing  the  Lower  lievonian.  The  Middle  Devonian  strata 
consist  of  shales  and  sandstones  devoid  of  any  traces  of  volcanic 
action,  which,  however,  again  becomes  apparent  in  the  Upper  De- 
vonian. The  latter  oonslstB  of  conglomerates,  sandstones,  and  shales, 
interstratified  with  aqneoos  deposits.  The  prevailing  red  colour 
of  these  beds  the  author  suggests  may  possibly  indicate  lacustrine 
ratlier  than  marine  conditions. 

The  next  in  the  series  of  deposits  present  in  North  Gippsland  are 
of  Tertiary  age,  and  rest  horizontally  on  the  flanks  of  the  mountains 
at  elevations  nowhere  exceeding  1000  feet  At  the  dose  of  the 
liiocene  and  at  the  commencement  of  the  Pliocene  periodic  the  land 
prohably  was  from  300  feet  to  400  feet  lower  than  at  present. 

The  fact  that  different  genera  of  fish  are  found  in  the  streams 
flowing  from  the  north  and  south  sides  of  the  Australian  Alps 
indicates  the  high  antiquity  of  that  watershed.  These  mountains 
have  been  formed  by  the  gradual  elevation  of  the  land  en  fiia««e,  and 
its  equally  gradual  erosion  by  the  streams  and  rivers. 

16.  <<  Further  Notes  on  the  Diamond  Fields,  etc.,  of  South  Africa.'' 
By  E.  J.  Dunn,  Esq.    Communicated  by  Prof.  A.  0.  Bamsay,  F.B.S. 
These  notes  are  intended  to  serve  as  additions  and  corrections  to 
the  author's  paper  read  in  1873. 

Further  mining  operations  at  De  Beer's  show  that  the  ''  pipes  " 
are  more  recent  than  the  sheet  of  dolerite  and  other  intrusive  rooks 
sarrounding  them.  At  this  mine  the  only  instance-  of  a  dyke 
traversing  the  **  pipe  "  occurs.  Though  the  rock  composing  it  was 
too  much  decomposed  to  be  determined,  it  was  still  quite  distinct 
As  the  mines  are  worked  out,  they  disclose  a  form  less  circular  than 
at  first  supposed. 

The  first  effect  of  the  disruptive  force  was  to  cause  a  rent  in  the 
rocks,  the  sides  of  which  were  afterwards  torn  away  in  the  weaker 
parts  by  the  intrusive  rock  until  the  present  form  resulted. 

The  "  cores  or  pipes  "  have  decomposed  downwstrds,  being  darker 
coloured  and  less  decomposed  at  80  or  100  feet  from  the  surface  and 
towards  the  centres.  Several  small  freshwater  shells  were  discovered 
in  Kimberley  Mine,  in  an  apparently  undisturbed  deposit. 

Gold  is  mined  for  at  Leydenburg  and  Eersteling,  in  the  Trans- 
vaal Kepublic.  The  rocks  in  which  it  occurs  are  generally  barren- 
looking,  and  vary  very  much  in  strike.  The  alluvial  gold  at  Leyden- 
burgh  as  doubtless  been  supplied  from  two  distinct  sources ;  it  is 
coarse  and  nuggetty  as  a  rule,  well  rounded,  and  generally  coated 
with  oxide  of  iron.  Lumps  up  to  10  lbs.  weight  have  been  found ; 
it  is  of  good  quality,  worth  from  76  fr.  to  80  fr.  per  oz.  The  auri- 
ferous rocks  at  Eersteling  are  steatitic  and  chloritic  schist  resting 
on  gneiss,  and  overlain  by  rocks  which  at  Leydenburg  are  auriferous. 
Cobalt  is  found  near  Oliphant  Eiver,  in  fine-grained  felsite  rocks. 
It  does  not  occur  in  lodes,  but  in  small  threads  and  lenticular  veins, 
running  parallel  to  a  dyke  of  fine-grained  dolerite.  The  widest 
vein  of  ore  was  eight  inches  thick.  Mere  than  100  tons  of  ore  have 
been  sent  to  London. 

{To  be  concluded  in  our  next  Xttmber."^ 
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NOTES  OS  TUE  GEOLOGY  OK  NEW  GPISEA. 

Sib, — From  tho  interest  which  has  of  late  been  taken  by  4« 
public  ill  matters  relating  to  New  Guinea,  the  following  geoli^idl 
notes  may  be  of  interest 

I  have  been  favoured  by  my  friend.  Mr.  C.  S.  Wilkinsou.  Qort. 
Geologist,  N.  S.  Wales,  with  a  newspaper  slip  containing  an  abstnot 
of  a  paper  by  biniself,  Tead  before  the  Linn^aa  Society,  Syilnoj, 
28th  February,  1S76,  Nntet  on  a  ColIeetSoa  of  Geological  Speeiateu 
toUeded  hy  W.  Macleag,  Eiq.,  from  the  CoaaU  of  New  Guinea,  C^ 
York,  and  Neighbouriug  Itlandt,  from  which  I  take  the  following. 
Tbe  specimens  upon  which  Mr.  Wilkinson  lays  tlie  greatest  stres* 
are  Oolitio  Tertiary  Limestone  from  Bramble  Bay,  yellow  calcareous 
Tertiary  olay  from  Katan  River,  and  yellow  and  blue  ditto  from  Tale 
Island  and  Hall's  Sound.  These  clays,  from  the  evidence  afforded  by 
the  contained  fossils,  Mr.  Wilkinson  considers  to  be  Lower  Miocene, 
and,  he  says,  are  exactly  similar  in  lithological  character  to  the  Lower 
Miocene  beds  near  Geelong  and  Cape  Otway,  Victoria,  The  clay 
&om  Hall's  Sound  contained  at  leant  two  Victorian  species,  Fdlnla 
macroptera,  M'Coy,  and  V.  anto-eingvlata,  M'Coy,  with  species  of 
Oslrea,  Cylheraa,  CrassaUUa  f,  Peeten,  TarriUUa,  yiitiea,  Triton  *. 
Ihliumf,  Atlarte.  Corbula,  Lada,  F«nua,  Cypraa,  and  two  Echino- 
derms.  The  calcareous  clay  from  Katan  Hiver,  west  side  of  ihi; 
Gulf  of  Papua,  contained  only  a  few  broken  shells ;  but  both  it,  «Thl 
the  Oolitic  Limestone  of  Bramble  Bay,  Mr,  Wilkinson  believes  to  be 
of  the  same  Miocene  formation.  This  is  very  interesting  from  the 
fact,  that  hitherto  no  Miocene  Tertiary  beds  have  been  met  with 
in  the  East  of  Australia  farther  north  than  the  boundary  between 
Victoria  and  N.  S.  Wales — although  they  are  highly  developed  in 
the  former  and  S,  Australia,  extending  westwards  towards  W. 
Australia.  According  to  Macleay  and  Signer  D'Alberti,  Tale  Island 
is  formed  of  a  calcareous  sedimentary  rock,  dipping  inland  and 
composed  of  Corals,  Shells,  and  Echini.  In  the  valleys  trap  is  found, 
and  the  higher  portions  of  the  hills,  which  attain  a  height  of  700  to 
800  feet,  are  composed  of  Coralline  Limestone.  Mr.  Wilkinson  con- 
siders that  the  occurrence  of  these  beds,  which  he  believes  to  be 
Miocene,  in  New  Guinea,  suggests  the  former  land- connexion  of  the 
latter  with  Australia,  the  shallowness  of  the  intervening  Torres 
Straits  lending  additional  weight  to  this  view.  Tertiary  rocks 
described  by  Mr.  Macleay  as  existing  at  Cape  York,  especially  a 
ferruginous  sandstone  overlying  the  porphyritic  granite  of  that 
locality,  may  he  perhaps  correlated  with  these  New  Guinea  beds. 

EuLVBUBOH.  R.  Ethkbidok,  Juk. 

APPAKENT  AND   TEUE   DIP. 
Sib, — In  reference  to  the  subject  of   Apparent   and   True  Dip, 
attention  might  be  redirected  to  Mr.  Dalton's  "  Geological  Problems," 
published  in  tlie  Geo^ooical  Magazine,  VoL  X.  p.  332, 

H.  B.  W. 
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NEW  AND  EXTENSIVE  SECTIONS  OF  BOULDER-CLAY  AT 

LIVERPOOL. 

Sib, — That  your  readers,  during  the  tourist  season,  may  have  an 
opportunity  of  seeing  a  series  of  the  largest  and  most  important 
sections  they  may  ever  meet  with  in  their  lives,  I  lose  no  time  in 
directing  their  attention  to  the  excavations  for  the  new  Canada 
Docks,  near  Boo  tie  Station,  Liverpool.  There  is  a  lower  glacial 
day  (which  is  worked  with  the  pick)  underlying  a  greater  or  less 
thickness  of  non-glacial  gravel  and  sand ;  but  the  great  deposit 
exposed  is  the  upper  or  brick  clay  (which  is  worked  with  the  spade). 
Though  I  had  previously  seen  boulders  in  this  clay  in  different 
localities,  I  was  not  prepared  to  find  such  an  array  of  large  blocks 
more  or  less  imbedded  in  the  clay  at  different  levels,  and  apparently 
in  the  spots  where  they  had  been  dropped.  The  majority,  so  far  as 
my  observations  extended,  were  greenstone,  and  numbers  of  them 
might  be  seen  lying  near  to  each  other  as  if  they  had  been  picked 
np  from  the  same  spot  (in  the  Lake  District)  by  a  mass  of  coast-ice, 
which  floated  them  and  laid  them  down  without  severing  their  family 
connexion.  Many  of  the  boulders  were  quite  five  feet  in  length, 
and  in  shape  varied  from  round  to  sub-angular  and  angular.  Most 
of  them  were  intensely  glaciated.  J  have  to  thank  Mr.  Morton,  F.G.S., 
for  directing  my  attention  to  the  above  sections. 

D.  Mackintosh. 


LLANDOVERY  ROCKS  IN  THE  LAKE  DISTRICT. 

Sib, — In  reply  to  Mr.  Aveline's  last  letter,  I  beg  to  state  that  the 
evidence  relied  on  by  me  in  drawing  up  the  Table  was  obtained 
from  the  published  statements  of  the  authors  whose  names  appear 
at  the  head  of  the  column  referred  to  (p.  156)  ;  and  who,  I  believe, 
have  not  only  obtained  "  fossil  evidence  "  sufficient  to  warrant  their 
speaking  "  confidently  of  their  position,"  but  have  been  able  also  to 
qualify  this  by  "  a  careful  stratigraphical  survey  of  the  rocks." 

I  am  permitted  also  to  state  that  Professors  Harkness  and  Nichol- 
son have  recently  discovered  a  group  of  fossils  in  these  mudstones 
which,  if  fossil  evidence  is  to  be  recognized  as  of  any  importance 
(and  he  must  be  a  bold  man  who  in  the  present  state  of  our  know- 
ledge is  prepared  to  cast  this  evidence  entirely  aside),  make  it 
almost  impossible  for  these  beds  to  be  so  high  in  the  succession  as 
Mr.  Aveline  would  have  us  believe.  Moreover,  these  fossils  «u:e 
specifically  for  the  most  part  identical  with  those  of  the  same  genera 
found  in  Wales  in  Upper  Bala  and  Llandovery  rocks.  Tlie  full 
particulars  of  this  interesting  and  important  discovery  will  be  com- 
municated by  Professors  Harkness  and  Nicholson  to  the  British 
Association  at  Glasgow;  but  I  am  allowed  to  state  here  that  the 
result  has  been  to  prove  "that  the  sequence  from  the  Coniston 
Limestones  to  the  mudstones  is  perfect,  and  that  there  is  no  uncon- 
formability,  but  that  the  mudstones  must  be  regarded  as  the  highest 
portion  of  the  Bala  series,"  or  as  the  equivalents  of  the  Lower 
Llandovery. 
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Mr.  Aveline'it  own  evidenoe  also  tells  oompletoly  :^ainRt  himstlF 
when  he  acknowledges  tlint  the  miidstones  are  "the  equivalents  of 
the  Taraiinou  Bhnles  of  Wales,  and  the  Coniston  grits  and  flugi 
equivalent  to  the  Denhiglishire  grita  and  flags,"  since  recent  ovidenc* 
IB  entirely  opposed  to  the  view,  held  by  the  members  of  the  GtMlO' 
gical  Survey,  and  as  published  in  their  luapH.  that  the  Taranaon 
ahalee  of  Wales  overlie  the  whole  of  the  Llandovery  rocks.  In  a 
paper  whioh  I  read  at  tlie  meeting  of  the  British  Association  at 
Bristol  last  year,  I  brought  forward  evidence  from  uumcroaB  aeclions 
in  North  Wales  and  Shropshire  to  prove  that  the  pale  shales  (marked 
TaranTioo  Shales  on  the  Survey  niapB)  and  some  overlying  grit*  in 
Denhi^hahire  held  exactly  the  same  poaition  there  stratigraphically 
as  the  Llandoveiy  rocks  did  in  South  Wales ;  and  the  palceonto- 
logical  facta  also  were  in  acoordance  with  this  view.  Since  then 
further  researches  have  been  made,  and  much  additional  evidence 
obtained  tending  to  confirm  this  view.  I  have  no  hesitation  now  in 
stating,  on  the  strength  of  p«leeontological  and  atratigrapbical  evi- 
dence, that  the  Tarannon  shales  are  nothing  more  than  equivaleDle 
of  portions  of  the  Llandovery  rooks,  chiefly  Lower  Llandovery,  and 
that  the  grits  aasouiated  with  and  imroeJinielj  overlying  those  pale 
ehsleB  in  many  parla  in  Denhiglishire,  and  lo  the  east  of  Corwen, 
and  near  Bala,  arc  the  equivalents  of  the  Upper  Llandovery  and 
May  Hill  sandstones.  Moreover,  at  these  places  there  ia  not  the 
slightest  sign  of  an  unconforraity  between  the  Bala  beds  and  these 
overlying  rocks.  I  have  cnileavoiuoii  (o  show  in  my  previous  papers 
that  this  area,  like  that  of  South  Wales,  probably  remained  sub- 
merged during  Mid-Silurian  changes,  and  1  have  only  suggested  the 
probability  that  areas  in  Cumberland  might  also  have  passed  through 
similar  changes  without  having  been  at  the  time  raised  above  sea- 
level.  I  may  be  allowed  to  state,  in  defence  of  the  value  of  palieon- 
tological  evidence,  that  it  is  seldom  found  to  lead  one  astray  to  the 
ejiteiit  that  lithological  evidence  seems  to  have  done  in  the  case  of 
these  Tarannon  shales.  It  seems  indeed  strange  also  that  a  band  of 
shales  avowedly  with  no  fauna  at  the  time  should  have  a  distinctive 
colouring  on  the  Survey  map ;  when  so  many  truly  important  series 
of  far  greater  thickness,  and  containing  numerous  rich  faunas,  should 
be  scarcely  recognizable  in  one  tint. 

To  Mr.  Ward  I  need  only  say  that  the  general  tone  of  his  letter, 
to  say  the  least  of  it,  is  detrimental  to  the  proper  discussion  of 
facts ;  and  that  the  only  argument  employed  by  him,  that  of 
authority,  is  one  to  which  I  am  not  at  all  prepared  to  bow.  My 
experience  hitherto  has  taught  me  to  rely  rather  upon  the  strength 
of  facts  than  authority,  and  lo  value  opinions  in  proportion  as  they 
seem  to  be  supported  by  the  facts. 

HeHioT  Houas.  Heni>on,  HeNRY   HiCKS. 

jiu^uit  Uh,  1876. 
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C.   D'OYLEY  H.  APLIN. 

er  the  9th  September,  1875,  there  died  at  Somerset,  Oape  York 
nsula,  N.  Queensland,  0.  D'Ojlej  H.  Aplin,  an  old  and  well- 
vn  Aostralian  oobnist  and  geologist  Mr.  Aplin  emigrated  in 
\,  and  carried  on  pastoral  pursuits  in  the  western  portion  of 
t  is  now  the  Colony  of  Yiotoria.  In  1849  he  proceeded  to 
leo,  where,  under  his  relative.  Sir  James  Brook,  he  held  the 
38  of  Collector  of  Customs  and  Surveyor-General.  Betnming 
*  a  time  to  England,  Mr.  Aplin  applied  himself  to  scientifio 
lea,  especially  G^eology,  and  again  in  1852  returning  to  Victoria, 
worked  with  his  brother  on  the  gold-fields.  Shortly  after  this  he 
me  a  member  of  Mr.  Selwyn's  staff  on  the  Victorian  Geological 
ey,  and  remained  in  this  post  for  many  years,  assuming  the 
3g  Directorate  during  Mr.  Selwyn's  absence  in  England  for 
ve  months  or  more.  About  the  year  1864  Mr.  Aplin  resigned 
connexion  with  the  Victorian  Civil  Service,  and  set  up  as 
nsnlting  geologist  in  Melbourne,  but  again  became  connected 

the  Qeological  Survey  for  a  short  time,  till  in  1868  he  accepted 
ivitation  from  the  Queensland  Government  to  act  as  Govem- 
t  Geologist  for  the  Southern  Districts.     At  the  expiry  of  his 

of  duty  he  retired  into  private  life,  but  more  recently  was 
in  ted  polioe  magistrate  at  Somerset,  where  he  died  after  a  very 
;  illness.  By  his  death  the  Queensland  Government  have  lost 
nable  officer. 

\  a  geologist  Mr.  Aplin  was  more  widely  known  in  the  Austra- 
colonies  than  in  this  country.  Irrespective  of  the  numerous 
5  of  which  Mr.  Aplin  was  the  author,  or  part  author,  whilst 
he  Geological  Survey,  the  following  are  amongst  his  chief 
ngs: 

Report  on  the  Wood's  Point  Gold-field,  Victoria.     1864.    Melbourne.    Fcap. 

By  Authority. 
Report  on  the  Geological  and  Mining  Features  of  the  Gympie  Gold-field. 

1868.     Brisbane.     Fcap.     By  Authority. 
Geological  Report  on  the  Southern  District  of  Queensland.    1868.    Ibid, 
Geological  Report  on  the  Southern  District  of  Queensland,  south  of  the  Bunya- 

Bunya  Range,  between  the  River  Brisbane  and  the  Coast,  including  some 

observations  on  the  Gold  Deposits  at  Jinna  and  Gooroomjam.     1869.    Id, 
Report  on  the  Geological  and  Mineralogical  Features  of  a  Part  of  the  South 

and  North  Portions  of  the  Burnett  District.     1870.     Id. 
Report  on  the  Auriferous  Country  of  the  Upper  Condamine,  embracing  the 

diggings  at  Talgai,  Thames  Creek,  Canal  Creek,  and  Lucky  Valley.    1869. 

Brisbane.    Fcap.    By  Authority. 

R.  E.,  JuK. 
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PROFESSOF!  ANGELIN,  PHIL.  DOC. 

BonK,  lao.l.  DisD,  1876. 
Nils  Peteb  Angelik,  tbe  eminent  Swedish  FalieontologUt,  ns 
bom  in  Luud  1805  ;  lie  studied  at  the  University  of  his  nadrecil;, 
and  devoted  himself  to  the  purnuit  of  NnturaL  Rietory,  oBpeoall; 
to  Geology,  for  (he  illustration  of  which  he  occnmuJattd  : 
palffiontolugiool  collection.  He  was  during  atany  ydars  a  piivntc 
teacher  in  Natural  History. 

Under  tbe  name  "  Musteum  Palsontologium  (suecicum  or  soMidi- 
navicnm?)."  he  published  in  1639  a  series  of  foBsiU  from  the 
Silurian  and  Cretaceous  formations  of  Sweden. 

In  1851  he  published  under  the  title  of  "  Paleontologia  Buecioa" 
the  first  part  of  liis  monograph  of  tbe  Silurian  Crustacea  of  8oaiiJi- 
navia;  the  second  part, '■  Palffioutologia  Scandinavica,"  aj^wared  in 
ISoi 

He  was  created  a  Doctor  of  Philosophy  by  the  University  of 
Breslau,  nod  was  appointed  by  tlie  University  of  Lund  ae  PalEeocto- 
logical  Docens  ;  soon  afterwards  he  got  an  ordinary  position  u 
PalffioutoIogisB  Adjunctus. 

In  IStiS  Ilia  Geological  Map  of  Scania  appeared,  and  iii  the  same 
year  be  was  created  Professor  at  tho  Boyal  Academy  of  Scieno-s 
of  Stockholm,  and  Director  ("  lutendent")  of  the  Palsaontological 
Department  of  tho  States  Museum  there.  His  very  rich  and  ]arg« 
collections  were  bought  by  the  States.  He  died  in  Stookliolio 
rebniiiry  13th,  1870. 

We  regret  to  record  the  death  of  Mr.  Elkiinaii  Billikgs,  F.G.S., 
for  many  years  Pala;onlologist  to  the  Geological  Survey  of  Caii»d», 
Monti-eal.     We  hope  to  give  some  account  of  his  life  next  mouth. 


KoYAL  School  of  Mtnes,  Jermtn  Stbebt. — We  understand  that 
the  Lords  of  the  Committee  of  Council  of  Education  have  conferred 
tbe  jiost  of  Lecturer  on  Geology  in  this  Institution  (recently  vacated 
by  Prof.  Bamsay"s  resignation)  upon  J.  W.  Jono,  Esq.,  F.G.S.,  for 
some  years  connected  with  tho  Geological  Survey  of  England,  and 
whose  name  ia  well  known  among  the  leading  contributors  to  the 
pages  of  this  Magazimk. — Edit.  Gbol.  Maq. 

Gf.olociy  of  England  and  Wales. — We  understand  that  Ueatn> 
Longmans  and  Co.  will  publish   in  October  next  a  work  entitle^ 
''  The  Geology  of  England  and  Wales ;  being  a  concise  oooonnt  o^ 
the  lithological  characters,  leading  fossils,  and  economic  prodnotB  oi^' 
the  rocks  ;  with  notes  on  the  physical  features  of  the  country."    By 
Horace  B.  Woodward,  F.G.S.  (son  of  the  late  Dr.  S.  P.  Woodward, 
P.G.S.,  of  the  British  Museum),  of  the  Geological  Survey  of  England 
and  Wales.     The  book  will  be  illustrated  by  a  cbromO'lithographia 
map  and  numerous  woodcuts. 
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— CONTBIBUTIOKS  TO  OUB  EnOWLEDOB  OF  THE  FiSH-FAUKA  OF  THE 

Tebtiabt  Deposits  of  the  Highlands  of  Padanq,  Sumatba. 

By  Ds.  Albert  Ounthbb,  y.P.B.S., 
Keeper  of  the  Zoological  Department,  British  Miuenm. 

(PLATES  XV.— XIX.) 

1HE  Gbolooioal  Maqazine  for  October,  1876  (pp.  477-486), 
contains  an  article  "  On  the  Geology  of  Central  Samatra,"  by 
«T  R.  D.  M.  Verbeek,  Superintendent  of  the  Geological  Survey  of 
it  island,  in  which  the  position  of  the  fossiliferous  rocks  of  the 
ghlands  of  Padang  is  sketched  in  a  manner  as  clear  as  concise,  and 
iich  must  be  consulted  by  those  who  desire  to  understand  the 
laeontological  age  of  the  fossils  described  in  this  paper. 
The  specimens  were  collected  by  Herr  Verbeek,  and  transmitted 
Prof.  T.  Rupert  Jones,  r.R.S.,  by  whom  they  were  placed  in  my 
nds  for  examination  and  comparison  with  the  materials  in  Europe. 
1  are  from  Tertiary  deposits ;  and  more  especially  from  the  Marl- 
ites,  marked  6  a  in  Herr  Verbeek's  diagrammatic  section,  and  from 
3  Carbonaceous  shale  of  5  6.  Those  from  the  latter  deposit  are  in  a 
>st  fragmentary  state — only  teeth,  spines,  and  some  of  the  harder 
Qes  being  preserved  ;  and  it  would  appear  that  the  Fishes  did  not 
e  actually  at  the  locality  where  this  deposit  was  formed  (may  be, 
k  of  the  low  vegetation  of  a  bog),  but  that  fragments  of  them 
Te  carried  there  by  some  agency.  The  fossils  from  the  Marl- 
tes,  on  the  other  hand,  are  in  a  very  good  state  of  preservation, 
»Bt  of  the  bones  being  in  their  natural  position  and  connexion, 
d  even  tender  parts,  such  as  the  fin-rays,  being  still  perfect. 
Le  incomplete  condition  of  a  part  of  the  specimens  is  due  rather  to 
^dents  during  or  after  their  removal  from  the  deposit,  and  to  the 
kdy  exfoliation  to  which  the  matrix  is  subject 
With  regard  to  their  systematic  position,  these  Sumatran  fossils 
txd  in  the  same  relation  to  the  recent  Fish-fauna  of  the  island,  as 
>Be  of  the  Brown  Coal  of  Bonn  to  their  successors  in  recent  times. 
e  majority  are  generically  identical  with  the  living  foims  occurring 
the  island  at  the  present  time ;  some  may  be  referred  to  genera 
lierto  not  found  in  Sumatra,  but  still  persistent  in  remote  parts 
the  globe ;  whilst  others  belong  to  genera  not  recognizable  in 
r  recent  fauna.  However,  we  have  to  remember  that  the  recent 
lb-fauna  of  Sumatra  is  but  imperfectly  and  partially  known ;  axvd 
>XCADB  n.— VOL.  in.— iro.  x.  7.% 
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that  tLe  apecimens  representing  tbis  class  of  animals  in  Miiseiims  ui 
unsuitable  for  thorough  comparison  with  allied  estinct  formB.  faeini; 
generally  yonng  and  of  Rmiill  size.  Sumatra  offers,  for  many  years 
to  come,  a  riob  field  to  tho  Zoologist  as  well  as  GeologiBt.' 

The  following  labia  will  show  at  a  glance  the  geograpbiwi 
distribution  in  recent  times  of  the  fossil  Sumatrau  genera  described 
in  thin  paper  : — 

1.  Aulucopi.  1  qiccies  ii  knoim  from  N.W,  Ameriiu. 

2.  Fteudtiitropiui,  SeTwal  sp.  from  the  Contiaent  of  India  aoil  Bimuln. 

3.  Bftgarita,  1  sp.  from  the  Cuntiuvnt  of  India  and  JatH. 

4.  Th!/HHie>ili)ii,  2  ap,  ftoui  th«  Continent  of  India  and  2  from  Basutni 
6,  Btxritu.               _         Kumuious  spedea  all  OTer  Imliu. 

6.  AmblgpJuryHfvlcn.  3  sp.  from  the  Continent  of  India. 

7.  BtMfuiphui.  Known  from  Sumatran  fossil  only. 

8.  Kotiilenu.  Bevetal  tpwiw  ftom  the  Cmtiaent  and  Snmatra. 
0.  CAtroanlrvi,  I  sp.  from  the  Indiaii  Ocean. 

I.  —  Fossils    pbom    the    Marl-bl^txs. 

Aviueopii  sumatranui.     (PI,  XV,  Fig.  1,) 

One  ipeoies  only  of  this  genua  has  hitherto  been  Icnown.  It  occurs 
on  the  north-west  coast  of  America,  and  has  been  found  in  salt- 
water;  however,  it  is  a  weli -ascertained  fact  that  the  species  of 
Gastro$le.ida,  to  which  AuUscopa  is  allied,  readily  change  their 
habitat  from  fretih.  to  brackish-  and  even  salt-water,  and  rie«  etrtt- 
Fiilularia  likewise  enters  fresh-water.  As  far  as  the  oharacten  of 
the  genus  Auliseops  are  known,  there  appears  to  be  no  reason  whj 
the  Sumatran  fonsila  before  us  should  not  be  refeired  to  it. 

The  snout  is  comparatively  short ;  the  centres  of  the  vertebra 
are  not  grooved  on  their  abiloniinal  surface,  as  in  Fiafu^rtn  and 
-  Aulottonia  ;  the  dorsal  and  anal  fins  are  short ;  the  oaudal  is  roun<teil. 
without  prolonged  central  ray  ;  there  is  a  series  of  anterior  dorsal 
spines;  the  intemetirals  are  borizontnlly  situated,  forming  togelber 
one  continuons  bony  strip  ;  and  there  are  no  external  pubic  shield^.' 

Five  specimens  of  this  fish  are  in  the  collection, 

a.  The  largest  is  14^  inches  long,  showing  scarcely  more  than 
the  general  outline  of  the  fish.  The  intemeural  strip  is  well  aboim, 
likowise  the  number  of  the  neural  spines,  but  the  centres  of  tb6 
vertebne  of  the  abdominal  portion  are  destroyed, 

b.  This    specimen  (which  is  figured)  is  11  inohes  long,  and  i) 

'  The  manuscript  of  ttiin  paper  had  been  ddirered  to  the  Editor,  ichen  Vr. 
Gritfflbfich  drew  mv  attention  to  a  paper  on  '■  FosBile  Fischc  von  Sumatra  "  bj  Dr. 
W.  y,  d.  Marck,  f'nliL'oniu^apb.  1H76,  April,  pp.  406-tH,  pla.  ^3  and  34.  Ailbt 
msteriala  in  tho  Gritieb  Mu!,eum  were  much  richer  than  thoae  at  the  diiposal  of  Ihal 
author,  I  bad  nothing  Co  alter  in  my  manuscript,  with  the  exception  ol  the  iptti&i 
name  of  tbe  most  common  fish  of  this  formation,  vu.  Thj/HiiieAti^r  anUlfMli*'- 
Through  Dr.  t,  d.  Marck'a  paper  I  became  acquainted  with  Prof.  Riitiiiiejtr't 
"  Benierltnngen  lu  den  foaailen  Fiscben  yon  Sumatra"  (Abhandl.  Schweii.  palsott 
Gea.  i.  1HT4).  To  judge  from  his  doscriptian,  I  think  that  tbe  Gab  named  ■>  SnwrAi" 
\ff  him.  will  prove  to  be  an  Am/iiMtu,  a  genus  vi:ry  common  in  Ihe  fre«h-wann  of 
tbe  Indian  region.  Tbe  so-called  Luuvmieifnt  appears  to  me  to  be  try,  ami,  it 
prEsent,  indeterminable. 

*  We  mHT  remark  here  that  the  skeleton  figured  bj  Agassiz,  in  Pouu.  fou.  vol.  i' 
tab,  XXXI.  Sg.  i.,  undir  the  name  of  Aulmttma  ehiaetui,  i>  not  that  ipeGies  or  enn 
geaMB,  but  FiitulsTM  tabaecaria. 
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best  preserved  of  all.  The  snout  lies  on  the  side ;  behind  the 
the  skull  is  twisted,  so  that  its  base  is  visible.  Also  the 
ominal  column  of  vertebrsd  shows  its  ventral  aspect,  the  neural 
les  being  so  bent  as  to  lie  in  the  same  plane  as  the  parapophyses. 
)  right  and  left  series  of  parapophyses  have  become  detached 
n  the  vertebral  column,  both  lie  along  the  right  side  of  the 
cimen ;  and  still  more  outwards,  towards  the  left^  a  series  of  21 
sal  spines  has  left  a  somewhat  faint  impression.  The  caudal 
tion,  with  the  fins,  lies  on  its  side. 

rVe  see  from  this  specimen  that  the  snout  was  not  much  longer 
n  the  remainder  of  the  head  (IJ  inches).  Some  of  the  foremost 
tebrse  were  confluent  into  one  piece,  equal  in  length  to  the  three 
owing  vertebrsB.  The  abdominal  portion  consists  of  27  vertebras, 
;h  compressed  centres,  not  grooved  along  their  ventral,  surface. 
9  caudal  portion  consists  of  31  vertebrsB,  much  shorter  than  those 
the  abdominal  portion  ;  12  of  them  are  in  front,  5  below,  and  14 
lind  the  dorsal.  The  soft  dorsal  consists  of  9  or  10,  the  anal 
8  or  9  rays.  The  caudal  is  short,  with  feeble  rays  and  rounded 
(terior  outlines.  The  dorsal  and  anal  are  highest  in  front 
}n  the  left-hand  side  of  the  posterior  part  of  the  head  there  is 
ible  a  flat,  sub-crescentic  bone,  anteriorly  with  a  projecting  arti- 
ar  process, .  from  which  a  gently  curved  ridge  runs  along  the 
ole  length  of  the  bone.  The  surface  is  finely  granulated,  the 
nules  being  partly  arranged  in  radiating  striae.  I  consider  this 
be  the  operculum. 

J.  The  impression  of  the  anterior  half  of  the  body  of  a  specimen 
aller  than  the  preceding. 

2.  The  anterior  portion  of  the  specimen,  of  about  the  same  size  as 
^cimen  a. 

J.  The  impression  of  a  fish  six  inches  long. 

rhis  fish  is  probably  the  one  determined  by  Prof.  Geinitz  as 
itvlaria  Jccenigii,  Agass.  (see  Geol.  Mag.  1875,  p.  481) ;  but  our 
1  has  the  central  caudal  ray  not  prolonged,  and  therefore  does  not 
.ong  to  Fisiidaria, 

rhis  is  evidently  the  same  fish  which  has  been  described  and 
nred  by  Dr.  W.  v.  d.  Marck  as  Protosyngnathus  sumatrensts.  The 
)cimens  in  the  British  Museum  appear  to  be  in  a  better  state  of 
^servation  than  those  examined  by  that  palaeontologist,  and,  there- 
e,  better  adap^d  for  the  determination  of  the  affinities  of  this 
[i. 

Pseudeutropit^a  verbeekii.  (PL  XV.  Fig.  2.) 
The  following  description  is  chiefly  taken  from  two  specimens  in 
)  collection,  of  which  one,  if  complete,  would  have  been  about 
le  inches  long ;  only  a  very  indistinct  impression  of  a  part  oC  the 
ftd  is  preserved.  From  the  dorsal  fin  backwards  this  specimen, 
lich  lies  on  its  side,  is  in  tolerably  good  condition.  The  second 
ecimen  lies  on  its  back,  and  is  only  6^  inches  long.  Other 
'ger  examples  are  more  fragmentary,  and  do  not  assist  much  in 
3  examinatton  of  this  species. 
Nothing  can  be  said  of  the  form  of  the  head,  except  that  it  a.^^«x^ 
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\o  liave  been  rather  elougato,  with  the  upper  surface  of  the  anoiu 
f^anular.  The  caudal  jiortion  of  the  vertebral  column  conaista  o[ 
27  vertebne  ;  of  the  abdominal  portion  11  can  be  distiogiuGbed— tlit 
entire  numbor  DoaBialing  probably  of  about  14. 

The  dorsal  fin  consists  of  a  strong,  sini'oth  Bpine,  and  aeven  nji. 
It  is  inserted  at  a  short  distance  behind  the  head,  opposite  to  the 
fifth  to  eighth  vertebrae.  The  length  of  its  spine  is  equal  t«  the 
leufrtb  of  the  thirteen  last  vertebrre. 

The  anal  fin  is  low,  consisting  of  tn'cnty-eight  short  raya  It  is 
supported  by  interhsmals,  which  are  longer  than  the  fin-rays,  wrf 
attached  to  the  bccmals,  bo  that  two  always  correspond  to  one 
bssmal.  Caudal  very  deeply  forked,  the  length  of  one  of  its  lobei 
being  equal  to  that  of  the  nineteen  last  vertebre?. 

Pectoral  spines  about  aa  long  and  strong  as  tbat  of  the  dorsal  fin, 
strongly  serrated.  Ventral  fins  inserted  immediately  behind  ths 
dorsal,  consisting  of  seven  rays. 

An   example  in  a   very  fragmentary   condition,  figured  by  Dr. 
W.  V.  d.  iUarck  under  the  name  of  hraehyipaadylta  indictu,  probably 
ought  to  be  referred  to  the  present  species.     A  glance  at  the  geo- 
gmpbicol  distribution  of  the  species  of  the  genus  Paeudeatropiat  will     i 
aooiunt  for  my  relainiug  the  specific  name  given  by  me,  in  the  pisw    ' 
of  that  of  indicvs. 
I  Bagariw  gigaa.     (PI.  XVI.  Fig.  1.)  ! 

A  large  siluroid  of  the  group  Sagariina,  and  probably  belougrng 
to  the  genus  Bagariua,  is  represented  by  some  remnants  of  the 
humeral  arch,  and  a  nearly  perfect  pectoial  fin;  otber  portions 
of  the  slteleton,  sucb  as  the  biancjiial  apparatus,  ribs,  etc.,  being 
too  much  broken  and  confused  for  more  detailed  description.  The 
pectoral  fin  is  sickle-shaped,  apparently  consisting  of  eleven  rays, 
the  first  of  which  is  extremely  strong  and  long ;  ratber  more  than 
its  terminal  half  is  closely  articulated,  and  iudislinctly  denticulated 
behind.  It  is  5|  inches  long,  and  ^  inch  broad  in  its  widest  pan. 
Tlie  humerus  is  distinguished  by  the  absenco  of  prominent  ridges, 
and  of  the  grainilation  on  the  more  superficial  parts,  which  evidenily 
weio  covered  by  skin.  Jla  syiaphysial  portion  in  tapering,  showiug 
that  the  union  with  its  fellow  must  have  been  short  and  loose. 
ThyimicMiys  amhlyottoma,     (PL  XVII.) 

The  remains  of  this  fish  appear  to  be  very  common  in  this  stratDm. 
There  are  four  apparently  adult  examples,  three  of  middle  size,  and 
three  young  ones.  The  largest  has  a  length  of  12i  inches.  All  h^ 
upon  their  sides,  the  head. being  so  much  crushed,  Uiat  only  a  few  of 
the  opercular  bones  and  fragments  of  one  or  two  of  the  others  can 
be  recognized  t'n  »i(u.  Of  the  vertebral  column  nearly  the  whole 
(with  the  exception  of  the  foremost  portion)  con  be  made  out  dis- 
tinctly, the  ribs  and  scleral  spines  being  rather  confused.  The  fins 
are  sufficiently  well  preserved  to  ascertain  their  structure  and 
position. 

The  genus  Thynnichthys  is  characterized  by  a  peculiar  shape  of  tha 
bead,  the  ^ye  being  far  below  the  upper  profile  and  the  operoDles; 
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qge  and  firm  operoolar  bones ;  a  short  dorsal  fin,  without  osseons 
ines,  and  opposite  to  the  ventral  fins ;  a  short  anal ;  compressed 
laryngeal  teeth  in  three  series,  and  truncated  at  the  top.  Such 
3  the  characters  of  this  genus  which  we  may  expect  to  be 
Bible  in  fossil  remains,  and  in  which,  indeed,  the  fossils  before  us 
ree  with  the  recent  species  of  Thynniehihya,    The  peculiar  shape 

the  mouth  of  the  latter  is,  however,  entirely  destroyed  in  ihe 
isils. 

The  following  parts  can  be  more  fully  described.  The  head  was 
rge,  its  length  being  considerably  more  than  one-half  of  the  length 

the  vertebral  column.  The  lower  jaw  was  obliquely  directed 
»ward8.   The  margin  of  the  prssoperculum,  which  was  not  covered 

the  skin,  is  wide,  deeply  ribbed  with  muciferous  channels,  radiat- 
2;  towards  the  edges.    The  upper  and  lower  limbs  of  this  bone  are 
ual  in  length,  and  meet  at  a  right  angle,  which*  however,  is 
tmded  ofif.     Operculum  very  large,  striated  in  its  lower  half. 
As  regards  general  structure,  the  vertebrsB  do  not  differ  from  those 

the  genus  Barbu8,  those  in  the  middle  and  posterior  portions  of 
3  column  being  rather  deeper  than  long.  Fifteen  or  sixteen  belong 
the  caudal  portion  of  the  column ;  thirteen  or  twelve  may  be  counted 
tween  the  first  attachment  of  the  interhsemal  of  the  anal  and  that  of 
3  first  intemeural  of  the  dorsal  fin  ;  the  foremost  part  of  the  column 
parently  consisting  of  seven  or  eight  vertebrae,  so  that  the  total 
mber  of  vertebrae  does  not  seem  to  have  exceeded  thirty-six.  The 
urals  of  the  anterior  vertebrae  were  of  moderate  strength  and 
ight  (18  millimetres),  equal  in  length  to  three  and  a  half  of 
3  middle  vertebrae.  The  scleral  spines  were  numerous,  forming 
ndles  attached  to  the  middle  of  the  neurals  and  hoemals  of  the 
idal  vertebrae,  and  lying  in  the  direction  of  the  longitudinal  axis 

the  body.     The  ribs  do  not  show  any  peculiarity  as  regards  form 

size. 

The  dorsal  fin  consists  of  three  simple  and  nine  branched  rays, 
)  third  and  fourth  rays  being  the  longest,  about  two-thirds  the 
igth  of  the  head ;  its  origin  falls  vertically  before  that  of  the 
Qtrals,  nearly  midway  between  the  end  of  the  snout  and  the  root 

the  caudal  rays.  Anal  very  short,  and  only  about  two-thirds  as 
;h  as  the  dorsal ;  it  consists  of  three  simple  and  five  branched 
fs.  Caudal  fin  deeply  forked ;  the  length  of  the  upper  lobe  being 
t  much  less  than  that  of  the  head.  Th^  pectorals  appear  to  have 
tended  to,  or  nearly  to,  the  root  of  the  ventral  fin. 
In  one  specimen  only  remains  of  the  pharyngeal  apparatus  could 

found.  They  are  in  sitUf  and  consist  of  three  polished  closely 
pressed  laminae,  in  which  the  crown  is  still  cutting,  not  worn 
wn  by  use. 

This  fish  has  been  described  and  figured  by  Dr.  W.  v.  d.  Marck 
a  Clupeoid,  Sardinioides  amhlyostoma.  However,  there  can  be  no 
ubt  as  to  its  belonging  to  the  Cyprinida, 

BarhuB  megacephalus.     (PI.  XVIII.) 
This  fish  is  represented  by  a  single  specimen,  23  inches  long.   It  is 
O&ciently  weU  preserved  to  ascertain  the  general  fotroi  o^  V^^  V^kmV 


(  of  the  iatgOi  of  6a 
boom.    Tbeamnii  vn 
_  ^  r  to  &e  poMerio 

raid  <iir  tbft  lw»d.claae  Mow  the  nppar  profile. 
ne  BMxi&Hj,  iiiti  I  ■■iITImj.  mat  iiiililthi  are  strong  bonei; 
■bowTDgthKl  Ae  (deft  of  the  bcmA  me  of  flonndenble  width,  but 
did  Bot  rrtrmt  ta  thecyv. 

TIh  TCctebn)  am  It^j^  ten  long,  in  bet,  ifaort.  Eigbteen 
heki^  to  ihe  eamdti  ponion  of  the  eolmnn  ;  thirteen  m^  be  comtel 
hetwecB  Aa  tliehnwt  tif  the  fint  tDtethmal  of  the  vyd,  wai 
timttttamSat  inteMBnl  of  the  doswl  fin;  thelbranuMt  jiiutof 
the  ootnon  epperentlf  niiiiiiiliin,  of  tea  TBrtebm ;  bo  that  the  bMiI 
■■nber  of  vmefan;  errmi  lo  have  been  abc^t  forty -OBa.  The  pn- 
ceMH  and  boat;  mwodi^ei  cf  tbe  venebnl  oolmnn  do  not  show 
■ay  peonliBrit;  tHjauug  deteiM  deacripuon. 

Neither  Ae  donal  nor  the  anal  fiaa  an  anned  with  an  antraiu 
thichcneil  t|KBe.  The  fimncr  consists  of  three  atmple  and  toot 
braucbed  rays :  tbe  longest  of  wliicb  U  not  quite  lialf  &s  long  03  tbe 
be*L  The  origin  of  tLi*  fin  is  cccsiifcrablv  nearer  to  th*  root  uf 
the  cand^.  than  hi  tbe  enJ  of  tbe  snont,  but  little  in  advance  of  the 
root  of  the  veDtrjJ.  Anal  fin  very  short,  about  5  as  high  ai  tte 
dorsal,  oonsisEiiig  of  three  eimple  and  five  branched  rays.  Cauda! 
deeply  forked  ;  the  length  of  its  lower  lobe  being  about  J  of  that  of 
tbe  bead. 

The  pectorals  aro  not  well  enough  preserved  to  allow  ns  to  judge 
of  their  length  ;  but  the  ventrala  were  evidently  verj-  well  developed, 
the  lenglh  of  their  outer  ray  being  nearly  equfd  to  that  of  tb? 
largest  of  the  anal  fin. 

Ambliii,harg,igod<m,  liikr.      (PI.  XV.  Fig.  1.) 

It  seeme  that  the  existence  of  a  la^  species  of  tbts  genns  is 
indicated  by  a  pair  of  pharyngeal  bones,  armed  with  globular  nioiai 
teeth  in  small  number.  On  one  of  the  bones  three  teeth  are  etill  I" 
Mtltt,  in  a  single  series,  the  auterior  being  the  lai^eet,  the  middle 
about  half  as  large,  and  tbe  posterior  minute. 

Chiroeeatrm  (?)  polyodon.      (PI.  XY.  Fig.  3.) 

Owing  to  its  fragmentary  condition,  the  determination  of  this 
fossil  is  very  uncertain.  It  appears  to  come  nearest  to  Chirocenlna, 
on  account  of  the  great  development  and  form  of  the  teeth  of  the 
lower  jaw,  those  of  the  upper  jaw  being  muob  entailer.  The  whole 
of  the  niandibuUry  series  of  teeth  is  preserved,  with  the  anterior 
half  of  the  bone.  Of  the  upper  jaw  only  a  fragment  and  an  inoom- 
■  nlete  impresaiou  of  the  lemainder  is  prsserreS    The  mandibuUiy 
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s  is  45  millim.  long,  and  oonsists  of  twenty-three  olosely-set 
al  slender  teeth,  of  which  the  two  foremost  and  the  twelfth  and 
3enth  are  much  8tix)nger  than  the  rest,  10  millim.  long.  The 
:er  portion  of  the  maxillary  was  armed  with  a  single  series  of 
al  teeth  of  about  the  same  size  as  the  small  posterior  teeth  of 
nandible. 

»mm6n  as  Chirocentrus  is  on  the  coasts  of  the  Indian  Ocean  and 
ipelago,  I  cannot  without  hesitation  refer  our  fossil  to  this 
8,  which,  as  far  as  I  know,  is  a  marine  form. 

Noiopterus  primcevus.     (PI.  XIX.) 

though  no  doubt  whatever  can  be  entertained  as  regards  the 
ric  affinities  of  this  fish,  the  specific  characters  unfortunately 
be  given  but  very  incompletely ;  the  single  specimen  before  us 
y  mutilated  in  front  and  behind.  It  is  evidently  most  closely 
d  to  the  species  now  living  in  Sumatra.  The  lower  part  of  the 
>perculum  and  some  ridges  of  the  mandible  ai*e  distinctly 
ited ;  the  abdominal  portion  of  the  vertebral  column  is  short, 
b  shorter  than  the  head,  formed  by  about  13  short  yertebrae. 
y-one  vertebrsd  of  the  caudal  portion  are  pi^eserved.  The 
al  and  hasraal  spines  are  of  moderate  strength  and  length, 
3ted  backwards.  The  interhasmals  are  about  twice  as  numerous 
nd  much  longer  than,  the  ha^mals,  genercdly  two  of  them  being 
;hed  to  one  ha3mal.  The  first  hasmal  and  interhsdmal  are  ex- 
ingly  strong,  firmly  wedged  together,  and  forming  the  posterior 
idary  of  the  abdominal  cavity.  Ribs  well  developed,  extending 
ly  to  the  lower  part  of  the  abdominal  cavity.  From  their  ex- 
lities  are  suspended  the  scleral  bones,  which  teiminate  below  in 
ine,  the  spines  forming  the  external  double  serrated  edge  of  the 
)men  in  this  genus.  The  anal  rays  are  not  directly  articulated  • 
be  interhsemals,  but  a  series  of  shorter  and  thinner  additional 
3S  is  intercalated  between  the  rays  and  spines,  the  number  of 
additional  bones  being  considerably  increased  above  that  of  the 
interha3mals,  and  equal  to  that  of  the  fin-rays, 
he  dorsal  fin  is  short  and  small,  its  position  corresponding  to  the 
teenth  and  fifteenth  caudal  vertebrae.  Pectoral  fin  moderately, 
;ral  but  little  developed — as  usual  in  this  genus.  Scales  very 
U. 

he  specimen,  in  its  present  mutilated  state,  is  9^  inches  long, 
may  have  measured  11 J  inches  when  perfect 

II.  —  Fossils    from    Carbonaceous    Shales. 

Hexapsephus,     (PI.  XVI.  Figs.  2  &  3a,  6,  e.) 

1  the  Tertiary  coal-beds  of  Padang,  conical  or  mammilliform 
b,  up  to  the  size  of  a  large  pea,  are  of  not  uncommon  occur- 
se ;  their  determination  would  have  been  a  matter  of  great 
culty  ;  but,  fortunately,  one  or  two  slabs  have  been  preserved, 
sving  these  teeth  in  their  serial  connexion,  and  attached  to  a 
e.  which,  without  any  doubt,  is  the  pharyngeal  bone  of  a  Cypri- 
l  fish.  Not  knowing  of  any  living  Cyprinoid  with  teeth  of  similar 
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,  I  MB  obligad  to  nfer  Iheae  i«maim  U  * 

T^  fbujB^Bil  bom  ■  of  tke  hmbI  Aape,  26  mQlim.  lon^ 
mnaai  ta  ill  uumxiitj  wilit  »  vngle  Mriai  of  ihna  lar^  teeil 
eaeli  of  lAiA  diflbn  from  tU  fsOow*  in  {onu.  As  isnUted  teeOi. 
bat  of  niKfa  kigw  itae  and  more  per&ot,  ace  aT»ilabla  for  esMiii» 
tioa,I(ab  ftp  dowriiption  from  tfaeni. 

"niiB  fct"*!™*^  faxidi  b  of  oonioil  sli^te.  with  the  apex  exccntrie, 

ilhvctod  towda  die  aeoood  or  middle  bioth.    Tho  greatest  diaoets 

of  ita  bMS  ia  10  niDini.  long,  Um  tywrerea  dtameter  8,  and  thk 

iaalaa  tta  hdgU.     It  Rninda  ns  in  ita  geneial  f<niii  of  that  oomiDOB 

■Ml,  UfH»  tmem.    IV  aeoond  tooth  haa  man,  the  ahape  of  tbt 

molar  <tf  a  camiToroaa  aaimaL    .On  tta  crmm  it  is  provided  irilk 

time  tabardoB.  or  nUher  with  two  longitudinal  ridgea.  of  whidi 

tba  ovier  ona  ia  prided  \fj  a  notch  into  two  tnberelee,  the  mon 

'  wlucfa  ia  that  iieare«t  to  (be  fiiat  tooth.     This  lootli  ii 

k  broad,  6  Iod^,  anJ  'J  hi^.     The  la»t  tooth  is  the  smalkal, 

mncb  ooaipnaaed  in  tiie  Iwigiladtnal  axis  of  tb«  dental  aeries,    lit 

upper  aiiiCaae  1*  roocb  groond  down,  it  ia  onlf  5  millim.  high  and 

I  4  wid&     A  oompaHson  of  these  large  teeth  with  those  "tf^H  ta 

L  the  pharyngEal.  ebowa  that  this  Cjprinmd  must  hare  attained  to  U 

\  great  a  mk  aa  any  of  the  living  speues ;  the  phalangeal  maj  have 

I  Seloi^ied  to  a  fish  10  i»diea  long. 

Besides  this  fisb.  there  are  from  the  same  deposita  several  doreil 
and  pectoral  spines,  evidently  belonging  to  the  Siluroid  described 
above  aa  Pieudeutrcpi**  t^rbtekii  ;  also  some  isolated  Cyprinoid 
bonee,  which,  however,  are  of  too  general  a  type  to  be  speciGcallj 
delertaiaed,  or  to  require  more  than  this  passing  notice. 

Finally,  I  have  to  add  that  Dr.  W.  v.  d.  Marct  describes  anJ 
fignres  the  posterior  portion  of  a  vertebral  column  onder  the  nanw 
of  ifrneAyvpondyfiu  $aroplerix.  It  appears  to  me  to  have  belongeJ 
to  a  Cyprinoid  fieb,  bat  I  woald  not  venture  to  define  more  neait; 
ita  affinities.  The  presence  of  nine  branched  rays  in  the  anal  Ho 
may  serve  as  a  guide  as  regards  the  group,  to  which  this  fish  oiif^t 
to  be  referred. 

EXPLASATIOS  OF  PLATES  XV.-SIX. 
Plate  XA'.  Flc.  1.     Auluropt  nHHalmmt,  GHatiteT. 

„     a.      Ptnidtiaroptm  trrbttkir,  Giinther. 
„     3.     <.'*inKcnrrM(y}paJyntii(,  Gonther. 
„     4.     An^lgphiynfodett,  Blkt. 
„       XTl.  „     I.     Bagariia  giga4,GaatiMt. 

„     2.     HeiaptephiH,  «p.  lut.  axf,  pbniragea]  bon«,  «ith  tloM 

„    3ii.  Eizaptipbiu,  pharvDgesI  teeth. 

..     3*.  „  '     „ 

■.     3e. 
.,       XVII.      Thynnit\tKfi  amblystloma.  Murk,  >p.     (Thu  tpm  u  dnvn  tim 

two  eiamples  u  indicated  bj  the  line  of  (radore.) 
„      XVIII.   Bariai  mtgactp/ialui,  Giinther. 
„      SIX.      2(i)li>pitriupritnma,Gunlhei, 
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, — NoTios  OF  Habpactes  velox,  k  Pbsdaoeous  Ganoid  Fish  of 
A  NEW  Genus,  fbov  the  Lias  of  Lyme  Begis. 

By  Sir  Philip  Gbbt-Eobrton,  Bart.,  M.P.,  F.B.S. 

lOME  years  back  the  Earl  of  Enniskillen  obtained  a  specimen  of 
)  a  fossil  fish,  found  in  the  rich  ichthjological  treasury  of  the  Lower 
as  at  Lyme  Regis,  which  proclaimed  itself  at  first  sight  to  be  an 
tirely  new  form,  differing  generically  from  all  the  previously- 
own  fishes  of  the  Mesozoic  period. 

Although  the  outlines  of  the  fish  are  clearly  delineated,  without 
ilooation  or  distortion,  the  majority  of  the  component  members  are 
her  altogether  wanting,  or  so  indistinctly  preserved,  that,  being 
arse  to  overhaste  in  thrusting  new  names  upon  the  Palsaontological 
t,  I  deferred  publishing  any  description,  in  the  hopes  that  some 
*ther  evidence  might  be  forthcoming  to  bridge  over  the  deficiencies 
the  type.  How  often  have  I  cherished  similar  hopes,  and  how 
en  have  they  been  disappointed  I 

rhe  Liassic  genera — Ctenolepts,  Legnonotus,  Nothosomus,  Endactts, 
rtBsonotus,  and  Isocolum,  still  remain,  after  years  of  anxious  ex- 
statiou,  each  exemplified  by  one  type-specimen  I 
Warned  by  this  experience,  I  am  tempted  to  offer  to  the  Editors 
the  Geological  Magazine  a  cursory  description  of  this  specimen, 
isidering  it  not  impossible  that  by  so  doing  I  may  draw  the  atten- 
n  of  the  numerous  collectors  of  the  present  day  to  the  leading 
.tures  of  this  type,  and  so  induce  them  to  make  public?  any 
•terials  they  may  chance  to  have  bearing  upon  the  subject  of  the 
)8ent  memoir. 

rhe  features  which  strike  the  beholder  most  forcibly  on  inspecting 
s  specimen  are,  the  great  disproportion  of  the  length,  compared 
th  the  depth  of  the  body,  and  the  excessive  proportions  of  the 
idal  fin.  The  direct  measurement  from  the  snout  to  the  spring 
the  caudal  fin  is  2  feet  10  inches,  while  the  gi'eatest  depth  of  the 
ink  is  barely  5  inches.  The  head  measures -8  inches  from  the 
se  to  the  thoracic  girdle.  The  dorsal  fin  is  placed  directly  above 
)  ventral  fins,  nineteen  inches  from  the  snout.  The  anal  fin  is 
d-way  between  the  ventral  fins  and  the  base  of  the  tail,  twenty- 
''en  inches  from  the  snout  The  head  is  in  the  form  of  an  elon- 
:ed  cone,  the  most  effective  figure  for  cleaving  the  water.  The 
nponent  bones  are  much  dislocated.  One  ramus  of  the  mandible 
thrown  up  and  seen  from  below,  the  dentary  margin  being  con- 
led  or  absent.  The  vomer  is  nearly  in  «7il,  a  little  moved  on  one 
e,  so  as  to  display  a  close-set  group  of  small  conical  hooked  teeth 
ich  invested  its  palatal  surface.  Below  the  head  is  seen  a  large 
ametrical  oval  plate  of  bone,  measuring  3  inches  by  2  inches, 
ich  I  take  to  be  a  single  jugular  or  glossohyal  bone.  The  oper- 
ar  apparatus  appears  from  the  contour  of  the  head  to  have  been 
moderate  dimensions,  but  the  parts  in  this  region  are  defective, 
ere  is  evidence,  from  some  impressions  left  on  the  matrix,  that  at 
events  some  of  the  bones  of  the  head  had  an  ornamental  cover- 
of  ganoine,  more  or  less  granular  in  pattern.  The  position  of 
pectoral  fin  is  only  indicated  by  a  few  acattex^d  TOi'J^^  ^o^ysi^ 
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IbytiNliH 
Ms  iKKtaoB  bmig  dartroTed.  It 
1  tm  fmmn  t'ln^  iha  aquililffiBa 


«f  ^Mr:  a^  il  ii  tat  to  fOM^M.  fi>(m  tbe  stodT  of  Dtlm  Miti 
of  cb«  Uk  that  it  n*  iHitrtiBiJ  I7  fabnl  n j«  oa  ila  utm 
— rgM  TW  TBt»l  fi^  aic  wpoaeJ  of  mnoeKnu  nji,  wUA 
wiw  w^»fcr—itfcor«a&w  tb«  ban,  bat  ve  BobwmeBtl] 
6«qaBClT  WbRatod  mad  doeelj  nai  jointed.  TIm  aiul  flDk  inlj 
refgM«»»J  by  »  fcw  ftwgfntwy  nj*.  The  una*]  fin  vu  ■ 
«*S>B  «f  fTtiwwJMj  |ovv.  na  peJicle  or  tMse  is  ■»■»««; 
finH  tU»  tte  lo«w  MM  tffm^t,  MMMwaring  B  iucbn  in  length.  H 
«'»^'—  ■b««t  30  lUwc  "J"-  '^y  ■««*  firktUMiMed,  «Dd  wid 
■■f  iiwK  aw  jaiafc  ■  tn— Ciwliuu  talealalBa  to  giro  graol  fleit 
bilii^  to  t^  «pn.  n«  vfipcT  lobe  aprings  &nm  tba  temiul 
•"tofcwB  of  the  lywil  odIobii,  wUck  us  luncd  nbntptljr  opwardi, 
',  ■— litiac  batenoH^.  bal  Hi^  do  ngt  extoad  into  thft  i^par  lob( 
Hmm  an  tb*  onlj-  OMigaa  portiana  of  the  AtHOaa 
.  aal  anoaoBj  faeine  pnilMfatr  DotoebotdaL  lie  am 
1  of  tbe  tsl  ia  bntadbed  with  a  aeriea  of  fnlonl  apuiai 
1  anle^  abort  aad  Aick  at  the  bue  of  tli«  fin.  but 
i  padaaBj  in  aneeaaHOB  aa  tbey  aaoend  apwards.  A  man 
}  fringe  bov^n  Ifae  lower  lobe.  Tbe  exUvniitjr  of  tlie  tail  it 
'lat  Iff  ooolnung  Ibe  coav«igtng  ontlinea  of  Ib» 
ranul  wohM  be  a&  least-  two  incbes  in  excM 
of  the  t^miiiutii^a  of  the  !o«-er  lobe,  or  ten  iacliee  from  baae  to 
tip-  A  few  scJt*  are  [nv*etT^  to  the  viciriily  of  the  veiitial  fins. 
Tbey  are  cbanci«nEed  by  a  eotoewbat  irre^iiar  granoLkr  design. 
Ibe  graDnlea  beeoming  in  pUoes  ccmflueDt.  A  Bomewbat  larger  dis- 
located aoale  occura  at  a  dtsUiioe  from  those  seen  in  titi,  and  ns 
opercular  plate  ;  Iwt  as  tLe  surfaoe-maiMngs  od  these  remains  an 
ao  diSareot  trom  thoee  aaoertaiii«il  to  luTe  belonged  to  the  fitb, 
1  beeitate  to  consider  tbem  as  appertaining  to  it. 

From  tbeoc  details  I  am  inclined  to  infer  that  the  fish  was  a  troe 
Kotochordal  Ganoid,  uore  nearly  allied,  perhaps,  to  Eu^iuithaa.  than 
to  any  other  known  genus,  although  the  piositioD  of  the  fins  is 
different. 

Tliat  it  was  a  pretl.iceous  Ssh,  and  endowed  with  abnormal  nata- 
toi7  power,  is  clear  from  the  contour  of  the  body,  lythe  and  lanceo- 
late, and  the  great  expanse  and  strength  of  the  tail,  which  woold 
propel  tlie  monster  wiUi  the  velocity  of  a  rocket  tbroagh  the  water, 
giving  small  chance  of  escape  to  the  luckless  denizens  of  the  Liasnc 
sea  which  constitnled  his  daily  food. 
Oi-LTOS  PAU,  Srpl.  VUk,  IS76. 

in. — The    GLIHA.TK    COSTBOTIEST. 

Bjr  SiiBLBS  V.  WeoD,  Juit.,  P.0.8. 

(Cantltttlidfnm  (it  &?.(«■*«■  Jfumirr,  p.  398.) 

So,  4. — The  caoae  suggested  under  this  head  was  the  favoarile 
theory  of  Sir  Charles  Lyell.  That  the  esisting  climates  ire 
materially  influenced  by  the  distribution  of  land  and  water,  and  by 
tiie  direction  of  the  gresX  w»«n.  (KOMsAai-^iwsM**  and  tseologists 
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agreed.  It  was  the  view,  however,  of  Sir  Charles,  that  these 
ditions  were  of  themselves  ^one  adeqaate  to  account  for  all 
ages  of  climate  which  the  earth  has  undergone,  though  in  his 
st  editions  of  the  ''  Principles  of  Geology "  he  admitted  that 
^r  causes  have  prohahly  contrihuted.  In  this  work  he  gave 
ginaiy  representations  of  such  a  distribution  of  land  and  water 
r  the  globe  as,  in  his  view,  would  produce  the  extreme  of  heat 

the  extreme  of  cold.  In  that  intended  to  represent  the  extreme 
leat,  the  land  is  all  collected  in  low  latitudes  on  either  side  of 

Equator,  so  that  the  higher  latitudes  and  polar  regions  are 
ipied  entirely  by  the  ocean  ;  while  in  that  intended  to  represent 
extreme  of  cold,  these  conditions  are  reversed.  Mr.  Croll,  how- 
r,  in  his  late  work  on  "  Climate,"  contends  that  precisely  opposite 
ilts  to  those  supposed  by  Sir  Charles  would  flow  from  such  arrange- 
its  of  land  and  water,  since  the  occupation  of  the  equatorial 
;  by  land  would  prevent  the  formation  there  of  those  great 
rents  of  warm  water,  which,  by  transferring  heat  from  the  lower 
bndes  to  the  higher,  and  to  the  polar  region,  mitigate  greatly  the 
Dial  cold  of  those  parts  of  the  earth. 

Tie  preponderance  of  glacial  conditions  in  the  present  Antarctic 
ions  over  those  in  the  Arctic  was  attributed  by  Sir  Charles  to  the 
imulation  of  land,  and  particularly  of  high  land,  within  the  Ant- 
ic circle.  Tlie  glimpses  obtained  by  Sir  James  C.  Ross's  expe- 
on  of  the  mountains  cutting  the  distant  horizon  behind  the 
pendicular  ice-wall,  which  was  found  by  that  expedition  to 
jnd  for  hundreds  of  miles  in  very  deep  water,  lead  to  the  belief 
;  some  of  the  Antarctic  land  which  lies  beneath  the  vast  mass  of 

whose  seaward  termination  forms  this  wall,  must  rise  to  great 
tudes ;  while  the  two  great  volcanos  discovered  by  that  expedi- 
.  in  the  same  region,  by  their  great  altitude,  point  to  the  same 
rence.  In  the  Arctic  region  the  only  lofty  land  which  has  been 
jovered,  notwithstanding  that  much  of  this  region  has  been  pene- 
ed  in  various  directions,  while  the  Antarctic  has  remained 
enetrable,  is  that  of  Spitzbergen  ;  *  the  influence  of  which  is  so 
itly  modified  by  the  impact  of  the  Gulf-stream  on  its  western 
its,  that  Spitzbergen,  though  covered  with  great  glaciers,  is  not 
ipletely  sheeted  with  ice  like  Greenland,  which  lies  in  lower 
nide  by  several  degrees ;  and  there  is  every  reason  to  suppose 
;  the  elevation  of  Greenland  beneath  its  icy  mantle  is,  even  in  its 
rior,  far  below  that  of  Spitzbergen.  Besides  this,  the  Antarctic 
Ion  does  not  appear  to  be  penetrated  by  any  great  current  carry- 
warm  water  from  the  tropics,  as  is  the  Arctic ;  and  the  great 
sheet  which  surroimds  the  Antarctic  Pole,  stretching  far  beyond 
limits  of  the  land,  has  its  terminal  wall  in  very  deep  water,  appa- 
Jy  on  all  sides  around  the  Pole.  The  drift  of  the  bergs  which  break 
from  this  wall  is  thus,  though  slow,  unchecked  by  shoalness  of 
er  (by  which  the  greater  part  of  the  Arctic  bergs  are  arrested 
il  they  waste  away),  or  diverted  by  the  incidence  of  a  powerful 

Possibly  the  lately-dbcovered  Franz  Joseph  Land  may  also  prove  to  be  part  of 
I  Arctic  highland. 
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oarrent  from  lower  latitudes,  like  tlie  Gulf-Btream,  bo  that  thej 
have  been  met  with  tn  vast  cbninB  extending  beyond  the  vitibk 
horizon.  Thus  they  help  to  refrigerate  the  climate  of  latituda 
lying  between  the  polar  circles  and  the  limit  of  tbeir  drift,  whU 
extends  almost  as  far  as  the  latitude  of  the  Cape  of  Good  Hope; 
and  it  is  to  this  cause  that  the  advocates  of  the  Geographical  theofj 
of  climat«  mainly  attribute  the  lower  temperatui-e  of  the  hi^iei 
latitudes  of  the  Bouthem  hemisphere,  as  compared  with  fiimilu 
latitudes  of  the  northern.  The  present  colder  condition  of  the 
Antai-ctic  region  and  of  high  southern  latitudes  is  thus  appealed 
to  by  the  advocates  of  both  theory  No.  3  and  theory  So.  4  ;  by  the 
former  on  the  ground  that  the  aphelion  point  now  occura  during 
the  southeni  winter,  and  on  the  ground,  also,  that  this  region  fur- 
nishes evidences  of  the  cumulative  tendency  of  ice  and  snow  ;  and 
by  the  latter  on  the  ground  that  it  oSers  the  most  striking  evidence 
of  the  influence  of  geographical  cansee  on  climate. 

Sir  Charles  Lyell,  in  concluding  his  ai^ument  in  the  "  Principles," 
in  support  of  the  sufBcieucy  of  geographical  causes,  observed,  "  that 
if  at  any  former  period  the  climate  of  the  globe  was  much  wanner 
or  colder  than  it  is  now,  it  would  have  a  tendency  to  retain  tbsl 
higher  or  lower  temperature  for  a  succesaion  of  geological  epochs." 
This,  be  considered,  "  would  arise  from  the  great  depth  of  the  set 
AB  compared  to  the  height  of  the  land,  and  the  consequent  lapse  of 
time  required  to  alter  the  position  of  continents  and  great  oceanio 
basins."  It  is  difficult  to  reconcile  this  view  with  the  iotercalnlion 
of  glacial  beds  in  the  Permian  formation  of  Britain  and  in  tlie 
Eocene  and  Miocene  of  Switzerland  and  Italy,  to  which  he  seemed 
to  attaoh  credence. 

If  geographical  distribution  were  sufficient  to  account  for  all  the 
cfaanges  wbich  have  taken  place  in  climates,  then,  by  coupling  with 
it,  as  Sir  Gbarlea  Lyell  has  dene,  a  decrease  in  the  obliquity  of  tbe 
Ecliptic,  80  as  to  diminish  the  polar  circles  and  tbereby  abridge 
those  periods  of  dnrkness  which,  according  to  some  geologists, 
present  an  insuperable  difficulty  in  relation  to  the  fossil  vegetation  of 
Greenland  and  Spitzbergen,  we  ehould  appear  to  make  some  pro- 
gress towards  an  explanation  of  the  puzzle  prcBentcd  by  the  presence 
of  that  vegetation ;  but  even  in  Chat  case  we  should,  as  already 
mentioned,  have  to  assume  a  very  much  greater  variation  in  the 
obliquity  than  astronomers  will  concede,  in  order  to  meet  the  case 
of  such  very  bigh  latitudes  as  Spitzbergen.  We  should  also  haTS 
to  satisfy  ourselves  that  Mr.  Croll's  cont«ation  that  a  decrease  tn 
the  obliquity  would  increase  the  cold  of  tbe  polar  regions  wu 
unfounded ;  bccauee,  if  otherwise,  that  decrease  would  neutraliES 
any  increase  produced  in  polar  warmth  by  geographical  changes; 
and  so  leave  ue  without  this  essential  desideratum  for  the  growth  of 
the  vegetation  in  question. 

As  the  influence  of  geographical  causes,  to  a  certain  extent,  on 
climate  is  admitted  by  eveiy  one,  from  the  features  presented  all 
over  the  world,  though  the  application  of  them  in  accounting  for  the 
great  changes  in  geological  climates  is  disputed,  it  is  not  worth 
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le  to  pursue  the  subject  further  into  details ;  because,  if  we 
it  the  largest  concessions  to  this  theory,  two  apparently  insuper- 
I  di£Bculties  seem  to  me  to  present  themselves  to  it  as  an  expla- 
on  of  the  Glacial  Period  proper.  One  is  that  the  probabilities  are 
rmous  against  these  changes  having  simultaneously  taken  place  to 
exactly  similar  degree  in  both  hemispheres,  so  as  to  produce  an 
urently  equal  increase  of  glaciation,  or,  to  be  more  accurate  (as 
do  not  know  the  immediate  pre-glacial  geology  of  the  southern 
lisphere),  against  their  having  simultaneously  passed  away  to  a 
ilar  degree  in  both;  and  the  other  is  the  difficulty  to  which  reference 
been  already  made  in  considering  cause  No.  3,  viz.  the  existence 
he  same  differences  between  the  limits  of  glaciation  in  Europe 

eastern  North  America,  during  the  Glacial  Period,  as  prevail 
¥een  corresponding  latitudes  in  those  countries  in  respect  of 
ter  cold  at  the  present  day. 
b  may  be  worth  while,  however,  before  leaving  the  subject  of 

4,  to  notice  that,  in  reference  to  the  higher  temperature  of  the 
oene  climate,  we  seem  to  find  that  presence  of  equatorial  land 
ch  the  theory  of  Sir  Charles  Lyell  would  demand  as  its  cause, 
iie  wide  stretch  of  continent  which  we  have  every  reason  to 
eve  extended  at  that  time  through  the  Indian  Ocean,  and  which 
may  sappose  formed  about  that  period  the  place  of  man's  origin ; 

round  the  sunken  site  of  which  the  lowest  existing  races  of 
I  are  now  found  grouped. 

Jo.  5. — The  cause  suggested  under  this  head,  a  change  in  the 
h's  axis,  was  naturally  the  first  which  would  occur  to  geologists 
iiscovering,  as  they  did  almost  at  the  outset  of  their  science,  the 
lences  of  a  warmer  climate  having  in  past  ages  prevailed  in 
se  countries  where  their  investigations  were  originally  pursued. 
\  concurrence  of  opinion  among  astronomers,  however,  that  if  any 
nge  had  taken  place  in  the  axis  of  rotation,  traces  of  it  would  have 
Q  left  which  they  could  detect,  but  did  not,  induced  this  theory  to 
generally  rejected.   It  was,  however,  revived  some  few  years  ago  by 

John  Evans,  in  a  memoir  read  before  the  Royal  Society,  and  has 
Q  again  touched  upon  by  him  in  his  late  Presidential  Address 
the  Geological  Society  of  London.  In  his  memoir  Mr.  Evans, 
►rder  to  meet  the  objections  raised  by  astronomera  to  any  altera- 
i  in  the  axis  of  rotation,  suggested  that  the  exterior  shell  of  the 
;h  might  be  comparatively  so  thin  that,  resting  on  a  fluid  nucleus, 
lided  over  it ;  so  that  all  parts  of  the  surface  might  undergo 
nges  in  relation  to  this  axis,  without  the  position  of  the  axis 
tively  to  the  spheroid  as  a  whole  being  changed.  In  his  late 
Iress,  however,  he  discusses  the  possibility  of  a  change  of  axis  on 
arent  grounds,  quoting  the  opinion  of  the  late  Sir  J.  W.  Lubbock, 
t  if  from  any  cause  the  axis  of  rotation  did  not  coincide  with  the 
\  of  figure,  the  pole  of  the  axis  of  rotation  would  describe  a  spiral 
ad  the  pole  of  the  axis  of  figure  until  it  became  identical  with 

He  then  adverts  to  the  great  depth  which  the  late  deep-sea 
Mtigations  have  disclosed,  as  stretching  over  a  great  portion  of 
equatorial  oceans,  and  suggests  that  these  show  that  the  oo^^- 
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torial  diameter  of  the  more  solid  pitrt  of  tlio  globe  may  at  onoa  ti 
reduced  by  nearly  six  milex,  over  four-fillhB  of  its  ciTCDmferaiet; , 
that  is  to  say,  the  asnally  accepted  equatorial  protiiboranco  of  tk 
earth  may  l>o  reduced  from  13  to  a  little  over  10  miles,  wlddl 
amounts  to  a  reduction  of  six  miles  in  the  eqaatorial  dianwtei. 
Coupling  this  with  the  existence  in  the  northern  lieinisphEre  of  hrgt 
tracts  of  land  ranging  continuously  some  thousands  of  feet  abon 
the  sea-level,  he  thinks  that  the  spheroidicity  of  the  globe,  on  irbid 
the  stability  of  the  pole  has  been  hold  to  depend,  may  be  reigudad, 
even  at  the  present  time,  afi  considerably  less  than  is  naualTy  sof- 
posed.  He  then  refers  to  the  formation  of  mountain  ch»ins,  thi 
elevation  and  submergence  of  continents,  and  the  wearing  away  and 
transpoit  of  their  materials  during  geological  time,  which  be  ui^ 
must  cnuse  changes  in  the  solid  crnst  of  the  earth,  by  which  ill 
figure  must  be  undergoing  slight  but,  oontinual  change,  so  as  In 
acquire  a  new  axis,  and  thereby  cause  a  constant  change  in  the  axit 
of  rotatiuu ;  and  he  even  suggests  for  the  consideration  of  math*- 
maticians  a  certain  supposititious  elevation  and  depression  of  traiAB  of 
the  earth's  surface,  which  he  defines,  and  which  he  thinks  wonU 
alter  the  axis  of  figure  and  bring  it  15^  or  20°  south  of  the  preseat. 
andonlhomeridian  of  Greenwich;  and  he  asks  whether,  if  so,  theasii 
of  revolution  would  not  eventually  correspond  with  it! 

Mr.  Evans  insists  on  the  cootnuliction  offered  by  the  fossil  vwe- 
tation  of  Spitsbergen  to  the  possibility  of  its  having  lived  while  us 
position  of  the  earth's  asis  subjected  that  country,  as  it  now  does,  to 
a  long  period  of  darkness.  The  statement  of  Professor  Nordeuatielii. 
that  he  was  unable  to  discover  among  the  tbiuk  succession  of 
Uliocene  deposits  in  that  country  which  yield  the  remains  of  Uui 
vegetation  any  trnces  of  ice-action,  adds  to  this  contradiction; 
because,  until  this,  it  was  conceivable  thai  the  vegetation  in  questiou, 
thougli  not  forming  such  a  flora  as  now  lives  in  conntries  subject  to 
very  severe  winters,  as,  for  instance,  that  of  Canada,  might  never- 
theless have  by  dep-ees  become  adapted  to  a  winter  of  this  kind ; 
and  by  thus  i-emaining  torpid  through  the  season  of  darkue«> 
have  been  unaffected  by  it.  Such  an  hypothesis,  however,  Professor 
Norden  ski  old's  statement  seems  tci  put  out  of  the  question.  But  for 
this  alii^ence  of  any  indication  whatever  of  winter  cold,  Mr.  CroU't 
contention  that  an  increase  of  obliquity  would  cause  an  increase  of 
summer  heat,  were  it  sound,  and  there  wore  conceded  the  possibility  of 
a  large  increase  in  the  obliquity  of  the  ecliptic,  might  furnish  an 
explanation  of  vegetation  in  high  latitudes  ;  although  anoh  increase 
would  somewhat  lengthen  the  periods  of  darkness  of  those  Green- 
land latitudes  lying  near  the  ed^e  of  the  Arctic  circle  which  have 
furnished  the  remains  of  a  similar  vegetation.  As  the  case,  howevH*, 
stands,  we  can  find  no  refuge  in  such  on  hypothesis,  were  it  other- 
wise tenable. 

Supposing,  however,  that  the  mathematical  objections,  which, 
perhaps,  require  re- examination,  were  removed,  there  are  some 
objections  to  the  theory  of  a  change  of  axis  from  a  geologic&l  point 
of  view.     If,  for  instance,  such  a  change  be  the  true  oaose  of  ohuigBS 


Searles  V.  Wood,  Jan. — T/ie  Climate  Controversy.        447 

in  climates,  then,  considering  how  much  the  attempt  is  facilitated  by 
the  large  proportion  of  the  earth's  surface  which  is  occupied  by  the 
ocean,  and  by  those  vast  tracts  of  continent  of  which  wo  have  no 
geological  knowledge,  such  as  most  of  Africa  and  High  Asia,  it 
ought  not  to  be  difficult  to  find  a  supposititious  axis  of  rotation  for 
every  one  of  those  five  periods  when  Greenland  or  Spitzbergen  must 
have  possessed  climates  represented  by  existing  latitudes  below  40°, 
viz.  the  Carboniferous,  the  Triassic,  the  Jurassic,  the  Cretaceous, 
and  the  Miocene.  This  axis  would  require  to  be  so  placed  that  the 
various  localities  over  the  world,  from  which  fossil  organic  remains 
of  these  respective  periods  have  been  obtained,  should  also  all  fall 
within  40^  of  latitude  on  either  side  of  the  supposititious  equator ; 
because  the  climates  indicated  by  them  appear,  so  far  as  these 
remains  furnish  evidence,  to  have  been  all  of  them  such  as  now 
prevail  within  those  limita.  It  would  be  an  interesting  test  if  any 
one  wpuld  be  at  the  pains  to  collect  all  the  notices  in  British  and 
foreign  publications  relating  to  these  five  periods,  respectively,  in 
different  parts  of  the  world  during  the  past  fifty  years,  and,  taking 
a  terrestrial  globe,  try  to  find  an  axis  of  rotation  wliich  would  bring 
these  various  parts  of  the  world  within  such  limits  of  supposed 
latitude.  So  far  as  a  very  crude  and  perfunctory  attempt  which  I 
have  made  to  do  so  enables  me  to  judge,  I  do  not  think  that  it  would 
be  found  easy  to  define  such  an  axis. 

If,  however,  such  could  be  defined,  then,  unless  the  polar  circles 
of  this  axis  fell  within  the  area  of  existing  sea,  future  discoveries 
ought  to  disclose  that  all  the  formations  of  these  several  periods 
within  such  circles  exhibited  evidence  of  exclusively  Arctic  con- 
ditions. 

Again,  if  we  take  the  Glacial  Period  proper,  the  evidences  pre- 
served of  it  seem  to  show  that  the  Earth  passed  through  it  while 
the  axis  was  in  its  present  position ;  for  although  the  evidences  of 
this  period  in  the  south  are  confined  to  New  Zealand  and  South 
America,  and  those  in  the  north  are,  as  yet,  far  from  having  been 
carried  across  the  great  continents,  they  nevertheless  raise  a  strong 
presumption  of  this  identity  of  axis  having  been  the  case. 

The  difficulties  presented  by  the  features  of  the  British,  French, 
and  other  Miocene,  Oligocene,  and  Eocene  deposits  to  the  existence 
of  glaciers  descending  to  the  sea  in  Northern  Italy  and  Switzerland 
during  the  Eocene  and  Miocene  periods,  would  hardly  be  removed 
by  a  supposed  change  in  the  axis,  as  not  only  should  we  have  the 
contradiction  of  tropical  or  subtropical  conditions  prevailing  within 
a  very  few  degrees  of  latitude  of  these  so-called  Glacial  beds,  but 
the  anomaly  of  the  formations  with  which  these  beds  are  asso- 
ciated in  Switzerland  and  Italy  furnishing  no  indication  of  such 
a  gradual  change  in  their  fauna  and  flora,  as  the  gradual  shifting 
of  the  Arctic  circle  down  to  those  countries  might  be  expected  to 
produce,  would  be  left  unexplained. 

It  is  presumed,  also,  that  a  change  in  the  axis  of  rotation  would 
produce  one  in  the  obliquity  of  the  Ecliptic,  so  that  cause  Na  2 
would  in  that  case  combine  with  the  one  now  under  consideration  ; 
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but  as  there  eeemH  so  muoh  uncerUinty  via  to  tbe  resolla  wliich    [ 
would  flow  froin  an  allerntjon    iu  tbe  obliciuitj,  the  difficultj  of 
forming  auy  idea  aa  to  the  change  in  the  climate  of  any  given  spot   I 
of  tlie  Earth's  surface  fi^^m  a  given  change  in  the  axis  of  rototiaa  J 
appears  to  be  great 

Ho.  6. — The  caiiae  suggested  under  this  head,  that  of  variatioiu  in  ] 
the  Sun's  heat,  has  had  the  advocacy  of  Professor  Balfour  Slewait 
The  theory  derives  support  from  the  spectroscopic  researches  mads 
of  late  years  into  the  constitution  of  the  Sun  and  fixed  stars ;  and 
more  particularly  from  the  circumstance  that  a  eudden  increaae  in  tb 
brilliancy  of  one  of  the  latter  sonio  few  years  since  waf  discovered,  bj 
means  of  the  spectroscope,  \n  be  due  to  an  outburst  of  incandesoenl  I 
hydrogen ;  that  ie,  to  an  outburst  of  the  element  which  cunstitutee  the 
rose-coloured  promiueoces  observed  on  tlie  Sun's  limb  dn ring  echpse. 
These  outbursta  of  hydrogen  are  believed  to  be  identical  with  tbf 
spots  on  the  Sun  ;  and  these  apota  are  so  far  oonneoted  with  climate, 
that  some  astronomers  are  inclined  to  the  belief  that  Mr.  Meldrum's 
theory  of  their  fi-equency  being  connected  with  corresponding  penodj  ■ 
of  Cyclone  frequency  has  some  foundation.  If  variationa  in  these  out-  .' 
bursts  can  be  connected  in  ever  so  slight  a  degree  with  meteorological 
phenomena,  it  is  a  legitimate  inference  that  fur  greater  variations, 
est«nding  over  prolonged  periods  of  tinie,  may  have  had  proportion-  , 
ately  greater,  and  longer  contiuuod  influence  upon  the  meteorological  ; 
conditions  of  flie  Earth's  surface ;  in  other  words,  on  Climate.  If  the 
view  entertained  by  geologists  (until  the  discovery  of  beds  alleged 
to  exhibit  evidences  of  glscidl  conditions  in  various  old  forniatiuna 
raised  contrary  ideas),  that  a  generally  warmer  climate  prevailed 
during  geological  periods  prior  to  tbe  Glacial,  were  true,  we  should, 
in  the  theory  under  consideration,  regard  the  Sun  aa  having  under- 
gone at  a  very  late  period  of  the  Earth's  history  an  abnormal  reduc- 
tion of  its  heat-emitling  power,  from  which  it  is  now  slowly 
recovering.  So  far  as  regards  these  alleged  glacial  deposits  irf 
remote  geological  periods,  abnormal  reductions  in  the  Sun's  heat  at 
those  periods  would  seem  as  legitimate  a  cause  for  them  aa  any  odier 
to  which  they  have  been  assigned ;  but  the  same  geological  diffi- 
culties and  contradictions  which  beset  these  alleged  deposits,  and 
raise  so  much  doubt  as  to  their  being  really  due  to  glacial  action, 
would  be  as  inexplicable  under  the  theory  we  are  oonsidering,  ss 
under  any  other. 

Mr.  Croll  has  objected  to  it,  that  this  theory  would  not 
account  for  interglaciaJ  periods  of  warmth ;  but,  as  it  seems  to  lae, 
without  sufficient  reason  ;  and  believing  aa  I  do,  and  as  1  have  in 
discussing  the  Excentricity  theory  explained,  that  the  English 
Glacial  and  post-Olacial  beds  indicate  at  most  two  (and  posaihly 
only  one)  oscillations  of  climate  since  the  commencement  of  Uie 
Glacial  Period.  I  cannot  discover  anything  in  the  evidences  of  thtt 
period  repugnant  to  the  theory  under  consideration ;  for  if  not 
merely  a  few  stars  occasionally  blaze  out  and  shortly  after  diminiih 
to  their  former  splendour,  but  many  others  are  undei^ing,  as  is 
believed,  smaller  and  more  gradual  changes  in  lustre,  there  seems  no 
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reason  for  denying  that  onr  Sun  may  during  a  long  period  of 
abnonnal  diminution  have  undergone  one  or  more  alternations,  wbich 
for  thousands  of  years  restored  it,  if  not  to  its  normal  heat-emitting 
state,  yet  partially  to  that  state ;  and  in  this  partially  abnormal 
state  it  may  still  remain. 

Another  objection  raised  by  Mr.  Croll  to  this  theory  is,  that  it 
ooald  not  produce  a  Glacial  Period ;  because,  since  a  reduction  of 
the  Sun's  heat  would  cause  a  reduction  in  the  evaporation,  there 
would  be  less  snow  and  rain  fall,  and  consequently  less  snow  and 
ioe  to  accumulate  at  the  polar  regions,  and  so  produce  glacial  con- 
ditions ;  and  he  quotes  a  dictum  of  Prof.  Tyndall  that  more,  rather 
than  less  heat  from  the  Sun  is  required  to  produce  a  Glacial  Period, 
what  is  really  needed  for  that  being  condensers  sufficiently  powerful 
to  congeal  the  vapour  generated  by  the  heat  of  the  Sun.  Whatever 
weight  there  may  be  attaching  to  this  objection,  it  seems  to  me  to 
resolve  itself  into  one  connected  with  the  cumulative  effect  of  snow 
and  ice  as  an  agent  in  producing  glaciation  ;  for  it  is  hard  to  under- 
stand that  an  absolute  diminution  in  the  Sun's  heat  should  not  be 
attended  with  a  general  refrigerence  of  the  earth's  surface,  though 
it  were  attended,  as  of  course  it  must  be,  with  a  diminished  fall  of 
condensed  vapour.  It  seems  to  mo  that  this  diminution  would  be 
principally  sensible  in  the  amount  of  rainfall,  rather  than  snowfall ; 
but  be  this  as  it  may,  a  diminished  snowfall,  so  far  from  being  a 
difficulty  in  the  way  of  the  evidences  presented  by  the  Glacial 
Period  in  Britain,  would  in  my  view  be  the  reverse ;  because,  while 
the  height  to  which  the  Antarctic  bergs  rise  above  the  water,  coupled 
with  their  form,  and  the  known  specific  gravity  of  ice,  leave  little 
doubt  that  the  Antarctic  land-ice  from  which  they  are  detached 
cannot  be  less  than  5000  feet  in  thickness,  the  evidences  presented 
by  the  Glacial  beds  of  England  show  that  the  thickness  of  the  land- 
ice  which  enveloped  the  northern  part  of  Britain  during  the  Glacial 
period  could  not  have  exceeded  a  third  of  this  amount.  The 
reasons  which  induce  me  to  think  this  are  too  long  to  be  given  here ; 
but  I  may  mention  that  the  Boulder-clay  of  England,  and  the  huge 
masses  of  white  marl,  or  reconstructed  chalk,  acres  in  extent,  which 
occur  in  the  mud  and  silt  of  the  contorted  drift  of  Norfolk,  are  in 
my  opinion  formed  of  sheets  and  masses  of  the  degraded  material 
pnjduced  by  the  land-ice  transported  at  the  bottom  of  the  bergs  and 
dropped  on  the  sea-bottom.  Had  these  bergs  detached  themselves 
from  land-ice  of  such  enormous  thickness  as  that  for  which  some 
geologists  have  contended,  we  should  require  a  corresponding  depth 
of  water  to  have  floated  them,  whereas  wo  have  no  evidence  of  any 
submergence  in  these  parts  sufficient  to  allow  bergs  of  greater  ver- 
tical dimensions  than  1500  feet  to  float. 

So  far  as  abridged  seasons  of  darkness  are  necessary,  as  some 
think,  to  account  for  the  rich  vegetation,  especially  the  evergreen 
forms  of  tree  in  high  latitudes,  the  theoi^  under  consideration 
offers  no  solution  of  the  difficulty  ;  and  if  the  much  greater  warmth 
of  these  latitudes  were  due  to  it,  we  must  infer  that  the  temperature 
of  medium  and  low  latitudes  would  be  proportionately  inctoafii^S 
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but  I  am  not  aware  that  there  is  much  to  show  a  greatt 
warmth  iu  existing  low  latitudes  duriag  geological  periods,  than  in 
medium,  or  in  some  iuBtniices  high  oues.  Dr.  ^^ewberr^,  in  lui 
Beport  on  the  fossil  flora  of  the  Yellowstone  and  Missomi 
Ksploring  Expeditiou,  has  ohjected  thnt  tiie  oUinate  to  which  tha 
Miocene  flora  of  Greenland  was  due  could  not  haTe  been  produced 
hy  any  cosmical  agency,  on  the  ground  that,  if  so.  a  tropical  climaU 
would  at  the  same  time  have  prevailed  over  those  regions  Ijiaj 
between  45''  and  50^  of  north  latitude,  on  the  easteni  elope  of  tk 
Booky  Mountains,  from  which  a  Miocene  dom  yioldiug  no  tnil; 
tropical  plant  remains  has  been  obtained.  This  flora,  however,  wv- 
tains  ft  large  species  of  fan-palm  {Sahal  Campbellii),  belonging  Id* 
genua  which,  if  not  strictly  tropical,  is  at  ihe  present  day  confined 
on  the  American  continent  to  latitudes  some  13^  or  more  south  of 
the  limit  to  which  it  readied  on  the  flanks  of  the  Bocky  Mountains 
during  the  Miocene  period.  The  Miocene  flora  of  Northern  Europe 
seems  to  indicate.,  however,  a  stiU  greater  difference  in  climate 
than  this.  The  Cephalopoda  and  Beptilia  of  Europo  during  \ix 
Jurussio  and  Cretaceous  periods  do  not,  so  ffti'  as  their  remaiiie 
have  yet  been  brought  to  light,  appear  to  have  been  surpasseil 
either  in  number  or  size  in  any  other  part  of  tlie  world;  not 
does  there  seem  to  be  anything  in  tbe  regotalion  of  these,  ot 
of  earlier  periods,  such  Sfi  the  Carboniferous,  to  lead  to  any  con- 
clnsion  different  from  that  to  which  tha  animal  remauu  mmU 
point  Nothing,  however,  in  Enropean  latitudes  from  Miocene 
dejiosits  has,  ao  far  as  1  am  awiire,  indicated  such  a  gigantic  rep- 
tilian growth  as  that  of  the  Crocodiles  and  Tortoises  of  the  Sevalic 
hill-beds  of  India  ;  and  perhaps  it  is  not  contrary  to  what  is  already 
known  to  infer  that  the  Miocene  deposits  do,  to  some  extent,  indicale 
a  higher  temperature  in  all  latitudes  than  now  prevails. 

No.  7. — Very  little  can  be  said  as  to  the  cause  suggested  under 
this  bead  :  for  although  attempts  have  been  made  to  arrive  at  some 
idea  of  Ihe  absolute  temperature  of  space,  the  subject  is  too  obscure 
for  roucli  reliaoce  to  be  placed  on  the  conclusions  at  which  Gone 
physicists  have  arrived  respecting  it.  It  has  been  objected  tliat  no 
increase  in  the  temperature  of  the  space  through  which  the  Solar 
System  was  moving  could  occur,  except  from  an  approach  of  that 
system  to  some  other  stellar  mass,  suiSoiently  near  to  interfere  will 
its  integrity. 

Such  difSculties  as  may  he  presented,  either  by  physics  or  geolo- 
gical evidence,  to  the  Gth  suggested  cause,  seem  to  apply,  totiet  quolia. 
to  the  7th  also. 

Reviewing  now  the  whole  subject  as  discussed  in  this  paper,  we 
find  it  bristling  with  difficulties  in  whatever  direction  we  turn  ;  saii 
feelings  of  doubt  and  bewilderment  arise  which  outweigh  the  force 
with  which  anyone  of  tbe  suggested  causes  might,  at  first  sight,  com- 
mend itself  to  our  minds.  Nor  are  the  difficulties  removed  by 
taking  refuge  in  the  ^iew  that  all,  or  some  of  the  sug^ted  oansa 
have  co-operated  in  producing  the  ohangea  in  climate  wbidi  Geology 
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scloses.  Admitting  always  the  influenoe  of  geographioal  conditionH 
id  cnrrents  as  agents  materially  modifying  climates  however  caused, 
has  long  appeared  to  me  that,  so  far  as  the  Glacial  Period  proper 
ooncemed,  it  is  to  the  6th  suggested  cause,  a  diminution  in  the 
At  emitted  by  the  Sun,  that  the  probabilities  incline.  I  am  led  to 
.is  view,  first,  because  it  seems  to  me  that,  for  the  reasons  men- 
>ned  in  discussing  the  Greographical  theory  (Na  4),  the  cause  of 
is  period  must  have  been  a  cosmical  one ;  secondly,  because,  so  far 
1  the  evidence  has  yet  been  collected  on  the  point,  the  cold  of 
lat  period  seems  to  have  fallen  upon  the  earth  while  its  axis  was  in 
9  present  position ;  and  thirdly,  because  nothing  has  3'et  been 
•nnd  to  raise  a  doubt  as  to  the  glaciation  of  the  northern  and 
»nthem  hemispheres  having  been  synchronous.  As  the  Glacial 
eriod  has  passed  away,  the  cause  suggested  under  head  No.  1,  a 
)crease  in  the  planet's  heat,  cannot  b^ve  been  the  cause  of  that 
eriod,  even  if  its  influence  could  be  otherwise  detected  in  changes 
r  climate.  Of  the  remaining  suggested  causes  besides  No.  6,  only 
OS.  2  and  7*  satisfy  the  three  postulates  which  lead  me  to  refer  the 
lacial  Period  to  No.  6 ;  but  No.  7  is  obnoxious  to  the  objection  of 
le  obscurity  which  surrounds  it ;  and  No.  2  has  to  contend  with  the 
[Sufficiency  of  the  limits  within  which  astronomers  confine  the 
iriation  in  the  obliquity  of  the  ecliptic  to  produce  any  material 
Feet  on  climate,  and  also  with  the  doubt  as  to  what  would  be  the 
Feet  of  a  large  increase  or  decrease  in  that  obliquity,  were  the 
jtronomers'  objections  to  its  possibility  removed. 

How  far  this  6th  suggested  cause  may  have  been  the  agency  in 
reducing  the  climates  of  geological  periods  older  than  the  Glacial, 

do  not  venture  even  to  entertain  an  opinion,  beyond  this,  that 
hatever  was  the  cause  giving  rise  to  the  Glacial  Period  proper,  it 

more  probable  than  otherwise  that  the  same  cause  had  a  material, 
lOugh  perhaps  not  an  exclusive  share  in  influencing  the  climates  of 
irlier  periods.  It  may  indeed  eventually  prove  to  be  the  case  that 
le  close  of  the  Greological  record  comprises  the  only  part  of  the 
irth's  history  during  which  any  change  in  climate  occurred,  beyond 
hat  Cause  No.  4  was  sufficient  to  produce,  the  normal  temperature 
r  the  earth's  surface  prior  to  the  Pliocene  Period  having  been 
igher  than  it  now  is. 

y, gonsidebations  beabing  on  theories  of  the  formation  of 

Book-basins. 
By  Hugh  Millbb,  F.Gr.S.,  Assoc.  R.S.M.,  H.M.  Geological  Survey. 

CHE  arguments  I  endeavoured  to  outline  in  the  June  Number  of 
the  Geological  Magazine  have  evidently  been  partly  misunder- 
ood  by  at  least  one  gentleman  whose  opinion  is  valuable,  and  I 
ssire  therefore  to  illustrate  them  somewhat  further. 
Although  Mr.  Bonney's  criticism^  seems  to  raise  the  question, 
Hiat  is  a  tarn  ?  mere  titles  are  of  little  importance ;  and  in  order 
►  make  his  remarks  relevant,  it  must  be  assumed  that  a  rock-basin 
cm  half  a  mile  to  a  mile  long,  and  about  20  feet  deep,  comes 

*  Gbol.  Mao.  for  August,  1876,  p.  ^17. 
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umler  tbat  designatioQ.  A  lakelet  of  tbc* 
.  h  ^ ..  (limeasions,  if  admitted  as  the  pnxlnci  «I 
.2  -2  J  ^  glacial  eroeiou,  would  at  least  eenre  to  n- 
"Sis  J  o  ™o*'<-"  glaciers  from  the  category  of  " i-orrij 
—  ■*  1^  hypothetical  causes"'  in  relatiou  tci  UijB 
°  I  u  J  lakes.  But  I  reature  to  contend  ibnl  it  ili« 
more.  It  is  not  Qeceaeary  at  tliis  time  iif 
day  to  urge  that  the  adniiaeion  wmmit*  ua» 
to  tile  beginoiDg  of  a  perfectly  gTBdutin; 
Beries  of  lai^r  basins.  Yet  it  seems  to  ni 
that  if  glaciers  be  accredited  with  KXH^iug 
:|  powers  at  all,  the  initial  stages  of  the  pron" 
^  are  just  those  moat  difficult  for  theiu  to  p«u. 
ta  and  thai,  once  aurmouiited  to  the  exbint  of  a 
a        good-sized  tarti,  they  begin  more  foUy  to  fwl 

J        their  power,  aud  to  work  more  easily  tai 
rapidly. 
^  SnpiH)eing  a  basin  half  a  mile  long  and  20 

^        feet  deep  under  a  glacier  or  glacial  Am. 
1     .    and  assuming  the  continuance  of  the  favoui- 
%        able  conditions  which  were  able  to  oripnaW 
^        it.  there  are  now  additional  ■□dnc«inenl>  tg 
g       -vigorons  scoopiDg;  and  the«e  ate  uroUhlf 
^        twice  as  great  aa  they  were  when  tne  bsM 
3.         wiis  half  the  si7.i;.     A  difigram  will  illuslnrt 
thia.     Entering  the  Imsin,  it  is  clenr  ihnl  tl* 
"%        first  decrease  of  obstructiou  at  a  is  followed 
■^       by  an  increase  of  difficulty  at  b,  from  which 
■        point   onward,  gravity  and  trictiou  hare  to 
«,•     be  overcome  by  the  accumulating  pressure 
^^     behind.      Tiie   force    necessarily  exerted  to 
"  °     impel  a  mass  of    ice  equal   to   the  ares  of 
*&■    this   acclivity,    and   of    the   great   thicknea 
_.  a     which  glaciers  have  been  proved  to  att«o, 
Q  g     against  gravity  and  friction,  when  considered 
.J     as  additional  to  the  first  sooopitig  inoeotive, 
I  ^    cannot  but  be  great,  and  is  a  progreenvdy 
4  £     increasing  quantity  as  the  basin  and  the  am 
■eg     of  inert  ice  enlarge.    Whether  the  basin  shall 
J  I     deepen  or  lengthen  moi-e  depends  on  vaiying 
.a-    circumstanoes ;  bnt,  obviously,  increase  in  Iks 
"5     angle  of  slope  tends  in  the  same  direottonv 
%     its   lengthening.      When   the   mechanics  of 
^-     glaciers  are  better  known,  we  may  peihni 
a     know  in    terms   tolerably  precise  what  tba 
g     added  force  in  given  cases  may  be;  fortks 
'  a     mean  time  I  think  I  am  justified  in  boldiog 
a     that,  even  for  a  slope  of  one  degree  and  • 
-     distance  of  500  yards,  it  must  be  suoh  u  oo 
iViiWftV  ca.xv  afford  to  disregard. 
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The  iendenoy  to  proceed  with  a  rock-hasin  once  fairly  hegun 
plains  a  difficulty  stated  hefore  by  Mr.  Bonney,  and  now  reiterated.^ 
rhe  great  majority  of  Alpine  valleys,"  he  says,  ''show  no  tendency 
lake-basins,  in  places  near,  but  above,  the  present  lakes.  .  .  . 
rely  the  glacier  would  have  'tried  its  prentiee  hand'  now  and 
an  before,  for  example,  excavating  Como*"  Prof.  Bamsay  long 
o  represented  a  vale-confined  glacier  as  lacking  opportunity  to 
x)p  until  it  reached  the  plains.  Of  that  I  cannot  judge;  but  by 
d  view  now  set  forth,  when  once  fairly  prenticed,  the  glacier 
>ald  be  bound  to  respect  its  indentures,  and  mctke  the  best  of  the 
oove  it  had  got  into. 

On  rocky  plateaux,  such  as  the  Norwegian  '*'  Fjeld,"  especially 
long  gneisso-schistose  rocks,  tarns  of  a  size  and  depth  probably 
mitted  to  be  within  the  compass  of  the  glacial,  are  often  found 
iked  together  by  shallow  straits  (generally  constricted  by  the 
rder  rock)  into  straggling  sheets  of  water  that  might  deserve  the 
me  of  lake.  These  furnish  an  argument  relevant  to  the  present 
estion,  and  not,  to  my  knowledge,  before  used.  No  valid  objec- 
^n  can  be  urged  against  the  admission  of  such  combinations  of 
ms  to  the  glacial  list  that  does  not  equally  apply  to  the  tarns 
igly.  But  this  admission  can  hardly  come  alone.  The  harder 
Iges  separating  the  tarns  were,  so  to  speak,  accidents  in  the  strata, 
caking  up  a  body  of  scooping  force  into  detachments,  and,  if 
sent,  a  lake  of  one  basin  would  exist,  instead  of  the  straggling 
jh  compounded  of  several.  The  former  are  found  to  graduate  into 
e  latter,  and  cannot,  I  hold,  be  excluded  without  proof  from  the 
me  category.  I  am  far  from  disputing,  however,  that  to  include 
[  lochs  seemingly  of  these  characters  would  be  to  commit  mistakes. 
On  the  grounds  I  have  adduced,  and  upon  others,  it  appears  to  me 
at  no  halting-place  can  logically  be  found  by  those  who,  with  Sir 
larles  Lyell,  allow  only  "some  mountain  tarns"  *  to  Prof.  Bamsay 's 
mand  for  lakes  :  that  either  a  glacier  is  inadequate  to  hollow 
en  a  tarn,  or  that  it  can  enlarge  it  to  any  reasonable  proportions, 
it  itis  almost  unnecessary  to  remark  that,  though  area  cannot  (within 
oderate  limita)  be  argued  against  the  theoiy,  proportion  between 
•pth  and  area  might.  A  lake  50  miles  long  and  2000  feet  deep 
ay  be  proportional  in  its  gradients  to  a  tarn  half  a  mile  long  and 
)  feet  deep  ;  and  a  glacier  forced  through  the  latter  would — other 
ings  being  proportional — have  one.  hundred  times  as  much  extra 
dacement  to  scoop  as  in  the  former ;  but  could  such  a  monstrosity 
ist  as  a  half-piile  tarn  2000  feet  deep,  it  might  be  proved  that  the 
»,  once  in,  must  lie  imprisoned  and  powerless. 
Having  thus  imperfectly  expressed  some  views  on  the  point 
[lich  Mr.  Bonney  accuses  me  of  "  missing  "  in  my  letter,  I  may 
AS  to  the  second  part  of  his  criticism.  I  can  perhaps  best  rectify 
B  injustice  I  did  myself  in  naming  "  sharp  synclinals,"  even  in 
onexion  with  a  generalization,  by  illustrating  my  meaning  further. 

^  I  am  not  Tened  in  the  proprieties  of  controversy,  hut  it  may  he  right  to  apologize 
Mr.  Fisher  for  taking  up  this  point,  as  it  helongs  more  directly  to  him  to  answer. 
K  Student's  Manual,  1871,  p.  164. 


454  Huffh  Miller^Formation  oj  Rock-Bas'ina. 

Reference  to  the  map  of  Sutherlandshiro  will  show  that  in  and  anr 
the  district  of  Asaynt.  the  larger  lodiB  trend  parallel  with  Loch  Ktsjvi 
itself,  this  parallelism  being  very  inarlied,  and  the  tendency  to  mtge 
in  a  transverse  line — in  other  words  to  lie  alongside  one  another— 
scarcely  kss  bo,  Mr,  Boniiej  has  explained  this  arrangement  on  the 
subsidence  theory,  by  supposing  the  line  of  depression  to  eileni 
across  parallel  valleys,  throwing  them  into  boat-shaped  hollows  tt 
opposite  [joints.'  Thus  Locbs  Fewn  and  Veyatie,  L,  Assyot,  L 
Glen  Coul,  and  L.  Uore,  would  fit  into  a  depression  which  Lovh 
Eriboll  on  ibe  north,  and  the  enihayed  side  of  Looh  Broom  on  ibn 
south,  might  be  eiipposed  to  terminate  and  confirm. 

Between  L.  Aasyut  and  the  Fewn- Veyatie  line  comes  the  motiu- 
tain  Suilven.  strotohing  its  cathedral -lite  form  in  the  same  directiun 
and  across  the  imnginary  depression.  Canisp  and  Queonaig  have 
similar  relations  to  these  or  other  lochs. 

Now  the  stratigraphical  evidence  fumislied  by  these  mountaini 
is  such  as  IB  at  once  fatal  to  the  theory, — plausible  and  sediiclir* 
though  it  undoubtedly  might  seem.  The  nearly  horizontal  lines  of 
stratification  that  traverse  the  naked  sides  of  these  moant^ns — liaa 
that  a  straight  edge  would  nearly  coincide  with — fnmish  a  posilivi 
standard  by  which  to  test  at  leaet  this  theory,  and  comparuig  wllh 
them  the  probable  contours  of  the  neighbouring  lochs,  the  curved 
lines  of  tjte  lattei-  ore  manifestly  entirely  at  variance.* 

It  will  scarcely  be  to  digress  to  follow  this  theory  a  little  futtbw, 
ThtTO  is  anotlier  way  in  which  the  profile  of  neigbboiiring  liuei 
might  be  affected  by  the  depression  of  valleys  into  lake  (roiigbsi 
Geologists  of  standing  have  traced  ancient  plains  of  marine  denu- 
dation by  the  lines  connecting  niounlain  and  hill  summits.  Stirelj 
recent  depressions,  when  amounting  to  thousands  of  feet,  mis'i' 
visibly  affect  the  general  oiitiiTiea  of  hill  ranges  bordering  lakes 
thus  originated.  Mr.  Bonney  finds  an  example  of  lakes  arran|e<l 
athwart  valleys  in  Como  and  its  neighbours.  Do  the  elevated  wslb 
of  the  valleys  in  which  Como,  2000  feet  deep,  and  Maggiore,  2G0O 
feet  deep,  are  lodged,  show  a  corresponding  curve  in  their  profile'' 
The  positive  evidence  of  the  soundings  and  of  Mr.  Bonnej's  observa- 
tions tend,  so  far  as  I  con  judge,  to  support  the  subsidence  theory  in 
the  case  of  the  former  ;  but  the  evidence  cjinnot  be  complete  until 
it  is  proved  either  that  no  such  depression  can  be  expected,  or  thsl 
it  exists;  and  Mr,  Boiiney's  theory  especially  requires  this. 

Passing  now  to  the  generalized  argument  I  attempted  to  illustrat* 
by  the  Cambrians  of  Assyiit,  I  may  repeat  that,  considering  itio 
multitudes  of  lakes  and  large  tarns  in  the  vicinity  of  the  mouDt«iDS 
displaying  in  section  the  features  on  which  I  have  insisted,  it  msy 
well  he  thought  unfavourable  to  a  theory  ascribing  these  to  fleiuWi 

'  Quart.  Joura.  Geul.  Sw;.,  vol.  xxii.p.  394,  und  rol.  la.,  p.  486. 

*  I  may  refer  to  my  fnthcr'ii  dtscriptioa  uf  these  muuntoiiu  u'  "  bantii  I>J  ^' 
lines  of  nearly  hori^ioDtal  atrntn."  On  the  Bed  SandBtone,  etc.,  Depusita  of  ^.tsni- 
qnoted  in  Miuvhixin'B  Silnria,  3rd  edit.  p.  198.  A  fauit  crossei  Smlren  "  Eisnw 
Wert"  (Murchison,  QuBrt.  Joani.  Gsol.  Soc,  1858),  but  hta  no  direct  reUlHio  w 
t)ie  supposed  tins  uf  deprestion.  It  h  not  wnt«nd£d  that  Butiaideuce  ^oci«l  W  <*" 
0/  tlie  locha  is  here  abeohiWV)  Mi^tmai. 
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)Ter  equable,  to  find  that  rocks  so  old  as  the  Cambrian,  sub- 
d  to  vicissitudes  whicb  might  multiply  these  effects  a  thousand- 
present  lengthened  sections  of  almost  rectilinear  uniformity, 
ring  the  a  priori  features  of  the  question  from  a  stratigraphical 
t  of  view,  Mr.  Judd  asks,*  "  What  reason  can  be  adduced  for 
ting  that  those  great  disturbing  forces — which,  during  and  sub- 
dntly  to  the  Oligocene  and  Miocene  periods,  have  given  rise  to 
startling  results  in  the  contortion  and  even  in  the  inversion  of 
x>cks  of  the  Alps,  but  which  at  the  same  time  have  produced 
inconsiderable  effects  in  the  areas  imme<liately  surrounding 
. — must  have  originated,  in  different  parts  of  the  great  lines  of 
lage    descending  from  those  mountains,  such  inequalities   of 
)ment  as  could  not  fail   to   result  in  the  formation  of  lake- 
is  ? "     Fully  recognizing  these  probabilities  in  the  case  of  the 
,  I  can  yet  appeal  to  my  friend  Mr.  Judd  to  reverse  the  argument, 
idmit  the  much  greater  improbabilities  in  the  area  I  refer  to. 
concluding,  it  would  well  beseem  me  to  apologize  to  older  and 
geologists  for  venturing  to  differ  from  them.    I  hope,  neverthe- 
that  anything,  however  little,  that  tends  to  the  elucidation  of  a 
ult  question,  will  be.  received  in  the  spirit  in  which  it  is  offered, 
d  looked,  I  confess,  to  Mr.  Bonney  to  assume  the  intermediate 
ion  which  his  views  on  the  lakes  of  the  Engadine  and  a  recent 
raent  in  the  Geological  Society*  rendered  probable  as  his  present 
but  his  letter  fails  to  j  ustify  this  hope. 

only  remains  to  add,  that  the  assumption  made  at  the  beginning 
lis  communication — namely,  that  lakelets  were  at  least  occasion- 
jcooped  by  glacier-ice — I  hope  soon  to  place  beyond  question. 


-Additional  Eemakks    upon   Inversions   of   Carboniferous 

Strata  in  Somersetshire. 

By  Horace  B.  Woodward,  F.G.S., 
Of  the  Geological  Survey  of  England  and  Wales. 

the  Geological  Magazine  for  April,  1871,  I  attempted  to 
account  for  the  mode  of  occurrence  of  the  masses  of  Carbon- 
iis  Limestone  that  are  found  in  the  midst  of  the  Coal-measure 
try  at  Luckington  and  Vobster  in  Somersetshire,  and  I  then 

a  picture  of  a  faulted  and  inverted  anticlinal  to  explain  the 
omena.  Mr.  McMurtrie,  who  has  more  recently  re-opened  the 
ssion  on  the  subject,  and  in  a  friendly  manner  assailed  my 
y,  again  asserts  that  the  Limestone  masses  '^mtmt  in  some 
have  been  folded  over  "  from  the  Mendip  range.  He  has  very 
ly  brought  forward  all  the  local  facts  that  bear  upon  the 
;ion,  and  has  represented  in  diagram  the  mode  by  which  he 
d  account  for  the  position  of  these  isolated  areas  of  Carbon - 
18  Limestone.'  No  one  is  so  familiar  as  is  Mr.  McMurtrie  with 
ietailed  structure  of  the  Somersetshire  Coal-field,  and  I  look 

^  Gbol.  Mao.  for  January,  p.  11. 

«  See  discussion  on  Mr.  Clifton  Ward's  paper  already  referred  to. 

•  Proc.  Bath  Nat.  Hist,  and  Antiq.  Field  Club,  1876,  '^oV.m.^.l^l. 
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forwHrd  with  great  intereBt  to  the  fnctB  wbioh  he  is  ennhleil  fmo 
time  to  time  to  bring  forward  ;  nevertheless  I  may  ha  panioned  (or 
Btill  difieriog  frotn  his  geDeral  conclusions,  iDaBmucb  as  tiie  hct^  at 
jiresenl  made  known  Appear  to  me  neither  to  npset  my  own  theory, 
nor  to  estabiiah  that  Bdvooated  by  Mr.  McMurtrie,  Indeed  it  it 
only  due  to  \\\m  to  observe  that  he  does  not  conaidor  the  question  u 
finidly  settled,  although  he  brings  forward  facts  which  eeeni  Ic  lum 
I  to  militftte  against  the  theory  I  ventured  to  propose. 
I  Mr.  McMiirti'ie  remarks  that  ■'  in  the  case  of  the  Luckington  aret 
\  the  workings  of  the  Mackintosh  |)it  have  proved  beyond  doubt  tbil 
the  faults  shown  on  the  western  end,  tbe  south  side,  nnd  jirobably 
also  on  the  north  sido  of  the  Limestone,  do  not  exist.  Only  one 
fault  has  been  discovered  there,  and  it  runs  in  a  north  and  goolb 
direction,  crossing  the  easte™  end  of  the  patch."  This,  he  adds. 
"  has  been  well  ascertained  to  be  a  downthrow  west  of  750  feel." 
Although  this  evidence  is  highly  important,  it  does  not  annihilate 
the  theory  that  the  Limestone  itself  is  the  relic  of  a  moss  dropped 
into  the  position  by  the  agency  of  one  main  fault,  and  then  tlia 
boundary  of  the  Limestone  and  Coal-measures  can  only  be  repre- 
sented as  an  abrupt  and  faulted  one. 

In  regard  to  the  masses  of  Limestone  at  Vobater,  there  is  no 
direct  evidence  either  for  or  against  the  theory  which  requires  faulti. 
I  But  even  the  raming  records,  although  they  furnish  importAot 
r  fiicts,  are  in  themselves  sraroely  adequate  to  eipltun  the  great  more- 
meiits  in  the  strntd,  for  their  eviilence  is  after  all  somewhat  liiuileJ 
and  restricted.  And  in  all  efforts  to  solve  the  mystery,  it  is  verj 
necessary  to  bear  in  mind  what  are  the  facts  and  what  the  inferences, 
and  in  Mr,  McMurtrie's,  as  well  as  in  my  own  diagram- sections,  (be 
imagination  has  necessarily  been  brought  into  scientific  use  Xa  coni- 
plete  the  picture. 

Since  my  paper  was  published  the  re-survey  of  the  iiower  Secondary 
and  Palffiozoic  rocks  of  the  Mendip  country  has  been  completed, 
and  the  new  edition  of  Sheet  19  has  been  published,  while  I  have 
reviewed  the  subject  again  with  the  benefit  of  all  the  facts  thus 
brought  together,  collecting  some  imporljint  evidence  which  I  haJ 
not  fully  weighed  before,  and  which  seems  to  me  to  throw  a  side- 
light, as  it  were,  upon  the  faulted -anticlinal  theory. 

In  BO  disturbed  a  tract  of  ground  as  this  portion  of  the  Somerset' 
shire  Coal-field,  one  must  interpret  the  grand  earth-movemeots  in  » 
large  way,  for  the  numberless  contortions  and  twistings  in  the  Coal- 
measures  themselves  are  but  the  exa^erated  representatives  of  great 
folds  in  tlie  older  and  more  stony  strata.  The  Lower  Coal -measu ret, 
for  the  roost  part  easily  squeezed  up  and  crumpled,  cannot  in  them- 
selves explain  these  phenomena,  and  therefore  a  study  of  the  folds 
that  are  readily  to  be  traced  out  in  the  Carboniferous  Limestone  and 
in  the  Old  Red  Sandstone  is  very  necessai^  before  we  attempt  to 
picture  the  amount  of  disturbance  in  the  district.  This  evidence 
seems  to  me  the  more  important,  because,  as  Mr.  McMurtrie  on  his 
theory  admits,  "we  cannot  pretend  to  trace  in  detail  the  proceet 
of  elevation,  folding  over,  and  settling  down,  which  mtist  then  luve 
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taken  place.  And  we  cannot  yet  explain,  where  so  much  has  been 
denuded,  why  these  masses  of  Limestone  remain." 

As  I  have  elsewhere  remarked,  in  considering  this  somewhat  diffi- 
cult subject,  it  must  be  borne  in  mind  that  the  structure  of  the 
Mendip  Hills  is  not  that  of  one  simple  anticlinal  fold  dipping  to  the 
north-east  and  south-west,  and  trending  north-west  and  south-east ; 
but  that  the  structure  displayed  comprises  a  number  of  folds,  which 
trend  in  an  easterly  and  westerly  direction,  and  which  are  products 
of  that  line  of  upheaval,  which,  only  when  looked  at  in  a  large  way, 
can  be  termed  the  '<  Mendip  Anticlinal."  ^ 

Thus  immediately  nc»-th  of  Shepton  Mallet,  and  in  a  line  between 
Cheylinch  and  Bowlish,  there  is  evidence  of  an  anticlinal ;  and  it  is 
probable  that  this  is  the  continuation  of  one  noticed  north  of  Leigh- 
ton,  which  is,  however,  displaced  by  a  fault. 

A  second  anticlinal  extends  from  near  Frome,  by  Little  Elm  and 
Downhead,  to  Masberry  Castle,  and  is  continued  through  Lyat  Hill. 

A  third  anticlinal  is  met  with  at  Pen  Hill,  and  thence  continues 
westwards  to  the  Ebber  Bocks,  and  in  a  north-easterly  direction  to 
Lechmere  Water,  near  Emborrow.  The  beds  are  much  faulted  ;  at 
Ebber  and  Pen  Hill  House,  the  Old  Bed  Sandstone  is  brought  against 
the  Carboniferous  Limestone,  and  at  Emborrow  it  comes  in  contact 
with  the  Millstone  Grit.  These  faults  are  of  great  magnitude,  the 
amount  of  displacement  at  the  last-named  locality  being  probably  at 
least  3,000  feet. 

A  fourth  anticlinal  runs  from  North  Hill  westwards  through  Stoke 
Warren,  and  probably  accounts  for  the  trace  of  Old  Bed  Sandstone 
which  my  colleague,  Mr.  Blake,  considered  to  be  faulted  against  the 
Carboniferous  Limestone  about  a  mile  south-east  of  Cheddar.  Here 
again  is  another  fault  of  great  magnitude. 

A  fifth  anticlinal,  that  of  Black  l5)wn,  is  continued  through  Bleadon 
Hill  to  the  Ste§p  Holme.  This  islet,  as  is  well  known,  exhibits  an 
inverted  anticlinal  of  Carboniferous  Limestone,  the  strata  being  bent 
over  in  a  northerly  direction ;  and  this  feature  is  repeated  at  Dolberry. 

So  that  if  we  constructed  a  longitudinal  section  through  the 
Mendip  Hills,  we  should  find  the  structure  to  consist  of  a  number 
of  anticlinals,  locally  faulted  and  inverted.  And  it  is  the  prolonga- 
tion of  these  known  disturbances  into  the  Coal-measures  that  must 
help  to  account  for  the  great  dislocations  and  contortions  that  affect 
them.  We  can  scarcely  expect  to  trace  their  continuation  with 
exactness  in  these  newer  and  more  easily  contorted  strata,  and  in 
the  Nettlebridge  Valley  the  amount  of  confusion  which  the  Coal- 
measures  present  is  so  great,  that  Mr.  McMurtrie  remarks  it  would 
baffle  description.  The  Badstock  slide-fault  is  likewise  a  remarkable 
instance  of  local  disturbance.  Nor  must  the  evidence  of  another 
considerable  fault  be  neglected,  and  this  is  the  one  which  runs  from 
Beckington  to  near  Mells,  and  whose  natural  continuation  would  be 
to  Vobster.  Along  this  line  of  fault  a  trace  of  Old  Bed  Sandstone  is 
brought  to  the  surface  north  of  Frome,  as  first  represented  by  Lonsdale.* 

*  See  Memoir  on  the  Geology  of  East  Somerset  and  the  Bristol  Coal  Fields, 
p.  196.  '  Trans.  (xeoL  Soc.  2nd  ser.  vol.  iii.  plate  32. 
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The  Tiifl(teTic«  that  tlieee  anticlinnl  distiirbancea  niny  have  in  oc 
plicating  the  probable  Coal-field  on  the  south  of  the  Mcnilips  u  t 
pgint  that  should  not  be  neglected. 

Without  wishing  to  ride  my  own  theory  too  hard.  I  caunot  help 

thinking  that  tlie  subject  mnat  be  looked  at  in  tLis  lai^  way,  and 

although  I  way  have  to  modify  the  direction  or  upthrow  of  the 

faulla  whciae  help  J  have  invoked  in  iny  necessarily  diagram  malic 

seotiouB,  yet  the  explanation  itself  seems  to  accord  better  with  iha 

Laacertained  disturb^ces  of  the  area  than  one  which  conjectares  tlut 

Ltiiey  have  in  some  way  been  folded  over  from  the  Downhend  anti- 

■olinal  of  the  Mendip  range.     The   physical   slnictnro   b  entirelj 

opposed  to  this  fiilJing  over,  na  I  showed  in  iny  fomiar  pajwr.' 

That  tlie  structure  might  have  assumed  such  a  form  a«  that  repre-  i 
sented  by  your  Indian  correspondent '  is  by  no  means  impo^ihle.  i 
but  we  lack  the  positive  evidence.  The  masses  of  Limestone  wonl4 
then  be  the  result  of  fragments  dislodged  from  the  denuded  Mcarp- 
nient,  as  Mr.  Itrioe  has  conjectured  ;  yet  when  wo  come  to  draw  oot 
this  supposed  Btructnre  on  a  true  scale,  more  difficulties  arise,  Bf>  it 
aeems  to  me,  than  on  the  theory  I  have  proposed,  even  if  we  tak* 
into  consideration  the  evidence  of  partial  inTcrsioii  of  the  MiltstciM 
Grit,  and  |>erhaps  also  of  the  Old  Red  Sandstone  at  Eiist  End. 

The  exitttence  of  such  Limestone  mHSBes  in  the  midst  of  an  area 
'  of  Coal-meaaures  is  not  witliout  iU  parallel  elsewhere  in  England. 
There  are  patches  of  Limestone  situated  in  the  Coal-tratit  of  Clapton- 
iii-Gordano,  but  T  linve  nevrr  viaited  this  area:  and  although  tln'.v 
have  bewi  tmcod  cut  uii  the  mup  of  IJio  Geologiiv-d  Survey,  tlitit 
occurrence  has  not,  so  far  as  I  am  aware,  been  explained.  In 
Devonshire,  too,  in  the  midst  of  the  Culm-measures,  there  are  some 
very  puzzling  masses  of  Devonian  Limestone,  which  have  been  alluded 
te  as  indicating  unconfonntibility:  but  here  there  are  numerous  faults, 
and  the  difficulty  lies  in  tracing  across  country  those  faults  actually 
determined  in  the  Culm -measures,  owing  to  the  absence  of  any 
marked  beds  in  this  series. 

Were  a  geologist,  indeed,  whose  mind  was  filled  with  GlscisI 
theories,  to  come  directly  from  Norfolk  or  Lincolnshire,  having  been 
impressed  with  the  really  wonderful  transported  mnss  of  Chalk  raci 
with  in  the  one  county,  or  of  Inferior  Oolite  and  Marlstone  that  am 
occasionally  met  with  in  the  other,  be  might  be  led  to  suggest  s 
similar  explanation  to  account  for  the  isolated  masses  of  Limestone 
that  occur  on  the  Coal-measures  of  Somersetshire.  But,  after  all, 
the  question  is  not  which  agent  is  meat  capable  of  producing  ibe 
phenomena,  but  which  agent  capable  of  the  work  is  most  ia  accord- 
ance with  facts ;  and  I  still  think  a  word  may  be  said  in  favour  of 
the  faulted' anticlinal  theory.  At  the  same  time  I  fear  the  verdict 
must  yet  remain  one  of  no(  proven. 

'  Xo  traces  of  Millatane  Grit  in  lilu  hnve  been  traced  either  at  Luckincton  m 
Voltster,  but  Mr.  McMurlrie  has  noticed  blocks  of  it  in  a  field  to  the  north  ofUw" 
Vobsler.  In  laj  dinRram-section  I  have  introduced  the  Millstone  Grit  her*,  ite 
occunence  of  stray  blocks,  however,  is  but  uncertain  evideace  ;  similar  blocks  own 
OD  the  nirface  of  the  ground  near  East  Ilarptrec. 

'  See  Obul.  M*o.  Dee.  11.  \o\.  11,  ^.  bM . 
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VI. — Db,  H.  Landob  on  Gbound-Icb  as  a  Cabbieb  op  Stones  and 

D^BBIS. 

Commiinicated  by  Jambs  Gedlie,  F.B.S.,  L.  &  £.,  F.G.S. 

SOME  years  ago  (November  15th,  1869)  Dr.  Henry  Lander, 
Saperintendent  of  the  London  Asylum,  Ontario,  communicated 
to  the  Entomological  Society  of  Canada  some  observations  on  the 
action  of  Ground-ice,  which  seem  to  be  of  sufficient  importance  to 
be  reproduced  in  the  pages  of  this  Magazine.  The  Entomological 
Society  does  not  appear  to  publish  its  transactions,  otherwise  a  simple 
reference  might  have  sufficed.  The  account  of  Dr.  Laiidor's  obser- 
vations here  given  is  extracted  from  the  local  Free  Press,  of  London, 
Ont. 

-  **  Ground-ice  is  that  ice  which  is  formed  at  the  bottom  of  running 
streams,  and  which  adheres  to  the  bottom  for  a  greater  or  less  length 
of  time,  and  which  is  often  seen  floating  down  all  the  rivers  of 
Canada  in  small  pieces  after  a  severe  night's  frost  and  a  sunny 
morning.  There  have  been  many  theories  given  by  men  of  science 
to  account  for  the  formation  of  ice  on  the  bottom  of  rivers  running 
rapidly.  It  has  engaged  the  attention  of  men  of  such  eminence  as 
Arago,  but  I  think  no  theory  has  been  given  which  will  account  for 
all  the  phenomena.  The  facts  are  few  and  simple.  When  the  ther- 
mometer falls  to  within  10°  of  Fahrenheit,  ground-ice  begins  to 
form,  but  it  is  not,  at  that  temperature,  long  adherent  to  the  bottom. 
As  soon  as  the  sun  rises,  it  rises  and  floats  away  in  great  abundance 
of  small  light  porous  portions  of  ice,  covering  for  the  most  part  the 
centre,  of  the  stream.  But  when  the  thermometer  is  at  zero,  the  ice 
adheres  to  the  bottom,  and  it  is  most  apparent  where  the  stream  is 
the  most  rapid.  It  is  then  most  abundant  where  there  is  no  surface- 
ice.  There  is  none  where  the  surface  is  frozen  over.  Depth  of  the 
stream,  at  any  rate  to  six  feet,  if  it  is  rapid  also,  does  not  prevent 
the  formation  of  ground-ice  ;  for  it  is  seen  abundantly  on  the  bottom 
of  the  St.  Lawrence  rapids,  and  at  the  Tubular  Bridge,  Montreal, 
which  affords  a  favourable  point  for  observation,  before  the  surface 
is  frozen  over.  As  the  frost  continues,  the  ice  at  the  bottom  thickens. 
It  is  tubular,  or  honey-combed,  in  the  direction  of  the  current,  and 
the  water  pours  through  the  tubes.  It  is  rarely  solid,  but  it  is  so 
after  long  continuance  of  hard  frost.  It  adheres  to  the  stones  at  the 
bottom,  or  to  the  ground  itself,  and  it  remains  anchored  until  its 
power  of  flotation  enables  it  to  rise  to  the  surface,  and  carry  its 
anchor  with  it.  It  comes  to  the  surface  with  stones  attached  to  it. 
These  stones,  of  course,  bear  a  proportion  to  the  mass  of  ice.  When 
the  mass  is  small,  the  stones  it  raises  are  small,  and  are  only 
pebbles ;  but  when  the  mass  is  large — and  it  often  is  a  large  mass  that 
rises  to  tlie  surface — it  brings  adherent  to  it  large  stones,  deserving 
to  be  called  small  boulders.  The  mass  floats  away  down  the  stream 
to  the  next  part  of  the  river  that  is  frozen  over  at  the  surface.  There 
it  becomes  frozen  in  with  the  mass  of  surface-ice,  and  in  a  very  few 
hours  loses  its  porous  condition  altogether.  It  remains  there  until 
the  break-up  of  the  winter,  and  it  is  then  impossible  to  say  whether 
the  stones  in  the  ice  were  thrown  on  the  svirfacft  wi^  >Jcka\i teyLWJLXs^.^ 
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or  wliother  they  were  brought  from  the  boUom  by  girmnd-ioa  Ai 
soon  a£  the  tubular  chnrnoter  of  the  ice  ib  IohI,  the  power  of  fit- 
criminating  tLe  origin  of  the  Btooe  is  lost  atso.  I  hnve  seen  in  the  mull 
rivers  that  form  \ha  Thames  a.  vast  number  of  pebbles  and  stooea,  >■ 
big  as  a  foot  diameter,  carried  away  by  ground-ice.  Some  years  since 
I  watched  the  rupid  portion  of  the  rivers  daily,  and  frequently  sawthe 
ice  rise  witii  stones  attached.  A  warm  sun,  after  a  zero  frost,  about 
10  A.M.,  is  the  proper  time  and  the  proper  condition  fur  seeing  the 
rise  of  the  ice  ;  and  some  patience  is  necessary  in  waiting,  for  what 
will  not  rise  one  day  may  rise  the  next,  and  the  colder  the  night,  the 
nearer  mid-ilay,  when  the  sun  has  most  power,  the  phenomenon 
occurs.  These  blocks,  with  adhering  stones,  travel  down  the  river 
in  the  spring,  but  bow  far  thpy  gw  must  depend  on  their  power  to 
keep  their  mass  unbroken.  When  I  was  in  London,  I  thought  it 
would  be  impossible  for  them  to  reach  the  lakes  before  being  broken 
np,  at  weirs,  or  by  knocking  against  each  other.  But  whilst  here — 
Aniherstburg — lost  winter,  when  the  ice  broke  up  twice  in  the 
Detroit  river,  I  saw  masses  of  ico  with  boulders  such  as  I  named, 
and  pebbles  in  vast  quantities  adherent,  float  past  this  asylum,  which. 
I  have  no  doubt,  came  from  the  ground-ice  formed  in  some  or  other 
of  the  rivers  that  empty  into  Laka  Huron  or  Liike  St.  Clair. 

"  Before  I  consider  the  resultu  that  follow  from  this  subject,  I  will 
say  a  few  words  on  the  difficulties  of  the  formation  of  ground-ioe. 
Tiia  first  that  presents  itself  is  the  congelation  oi  water  at  the 
iMttom,  when  we  all  know  that  the  peculiarity  of  water,  wiien  at 
rest,  if,  that  it  cannot  freeze  at  tlio  bottiim  until  tlie  whole  mass  is 
frozen  from  the  surface  downwards.  It  is  needless  to  state  to  you 
the  nature  of  the  changes  that  take  place  in  water  when  it  alters  its 
temperature  to  the  freezing-point.  Knowing  them,  it  is  hard  lo 
conceive  how  the  first  act  of  congelation  takes  place  at  the  bottoro, 
without  the  ice  at  once  rising  to  the  surface.  It  seems  clear  that  the 
first  condition  in  the  formation  of  ground-ice  must  be,  that  tbe  tem- 
perature of  the  stones  at  the  bottom  falls  below  freezing-point ;  but 
it  is  not  clear  why  the  temperature  should  so  fall,  covered  as  th«j 
are  by  water  that  is  above  the  temperature  of  freezing-point  I  have 
never  seen  the  water  below  32"  when  taken  out  of  the  river ;  and  it 
is  clear  that  if  it  were  below  that  point,  as  soon  as  it  is  taken  into  a 
vessel  it  ought  to  become  flaky  with  atoms  of  ice  the  moment  it  is  st 
rest  in  that  vessel.  Whilst  running  rapidly,  water  may  not  congeal, 
even  if  slightly  below  32",  but  at  rest  it  should  do  so  constantly. 
Moreover,  if  the  water  is  below  32°,  which  I  have  never  observed, 
the  whole  mass  of  the  river  must  be  below  32",  for  it  is  impossible  to 
suppose  that  it  becomes  so  just  as  it  begins  to  run  over  the  shallovra, 
and  ceases  to  be  so  when  it  reaches  the  still  depths  again ;  for  it 
must  be  above  32°  in  the  deep  parts  of  the  river,  or  else  it  would 
become  ice ;  and  it  should  bo  colder  in  the  depths,  because  it  is  in 
less  agitation  than  in  the  shallows.  Motion  is  warmth  in  all  bodies, 
and  it  is  the  same  in  water  as  in  solids.  Motion  is  warmth,  and 
therefore  there  ought  to  be  more  warmth  in  the  rapids  than  in  the 
stilJ  water;   all  which  conaidQiationa  make  the  sobjeot  of  gionnd-ioB 
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more  difficult  of  comprehension.  If,  then,  this  is  not  so,  as  it  seems 
to  me  impossible  it  should  be,  the  reason  why  ground-ice  forms  is 
not  because  the  water  is  all  below  32^,  and  the  bottom  of  the  river 
colder  still  to  make  the  ice  adhere  to  it.  I  never  tried  the  temperature 
of  the  bottom,  for  it  is  a  problem  too  difficult  for  practical  solution 
(without  much  care  and  expensive  apparatus)  to  find  the  tempera- 
ture of  the  stones  while  they  are  in  situ.  No  doubt  there  is  wanting 
a  well-conducted  series  of  observations  of  the  temperature  of  the 
river  and  bottom,  night  and  day,  which  it  has  never  been  in  my 
power  to  make.  It  seems  to  me,  from  theory,  that  the  stones  must 
be  below  32^,  »id  it  is  to  me  utterly  impossible  to  say  how  they 
become  so  in  such  a  situation  as  they  are.  Any  scientific  work  on 
temperatures  will  give  various  theories  on  this  subject,  so  that  I 
need  not  take  up  time  in  alluding  to  them.  None  of  them,  to  my 
mind,  fulfil  all  conditions ;  and,  if  it  were  only  for  this  object, 
further  observations  are  desirable. 

"  I  will  pass  on  to  the  results  of  ground-ice,  and  first  on  the 
subject  of  stones  and.  boulders.  If  on  one  river  so  many  stones  as 
I  have  seen  go  down  the  Thames  are  carried,  some  of  them  as  far  as 
Lake  Erie,  what  must  be  the  amount  on  all  the  rivers  emptying 
into  the  lakes  ?  The  stones  are  for  the  most  part  portions  of  those 
contained  in  the  glacial  drift,  which  covers  so  large  a  part  of  Canada, 
and  they  have  already  been  brought  to  the  beds  of  the  rivers  from 
distant  sources  ages  ago,  in  the  glacial  period.  This  removal  by 
ground-ice  is,  therefore,  their  second  journey.  Now,  suppose  that 
Lake  Erie  were  laid  dry,  its  surface  would  present  the  appearance 
of  a  level  plain,  covered  more  or  less  with  pebbles  and  boulders  of 
the  same  kind  of  stones  as  those  contained  in  the  glacial  drift  on 
the  rest  of  Canada.  Would  not  any  geologist,  unacquainted  with 
the  phenomena  of  ground-ice,  say  that  the  stone-covered  plain  of 
Erie  was  the  result  of  glacial  times  also  ?  But  how  wrong  he  would 
be.  For  it  would  owe  its  boulders  and  pebbles  to  the  action  of 
causes  ages  subsequent  to  the  glacial  period.  So  far  from  the  pebbly 
drifts  being  contemporaneous  with  the  drift  of  the  present  dry  land 
of  Canada,  it  would  belong  to  distant  geological  epochs,  widely 
apart  in  time,  and  wider  still  in  climate.  How  difficult  it  is  in 
geology  to  say  what  deposits  are  contemporaneous,  or  what  sepa- 
rated by  ages.  In  this  case  the  fauna  might  enable  the  geologist  to 
discriminate  if  any  should  be  deposited.  All  the  stones  he  would 
see  might,  and  most  probably  would  have  been  brought  by  ground- 
ice.  Suppose  that  one  river  only  takes  10  stones  a  winter  into 
Lake  Erie,  a  ridiculously  low  estimate.  There  are  above  80  rivers 
debouching  into  Lake  Erie,  not  counting  those  that  come  laden  with 
stones  by  means  of  the  Detroit  river,  probably  equalling  in  results 
all  the  80  put  together.  That  would  give  1,600  stones  in  one  winter. 
Now,  according  to  Lyell,  30,000  years  have  passed  since  Erie  and 
Ontario  bore  their  present  form,  which  in  that  time  gives  48  million 
of  stones,  and  this  is  a  most  moderate  estimate  of  the  result  in  both 
time  and  quantity.  I  give  it  to  show  that  the  effect  of  ground-ice 
daring  incalculable  ages  must  be  important,  and  th^  cau&^  q^  ^^\^- 
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Bidentbls  geological  clinnges,  distributed  over  large  areAs,  and  of 

couseqnence  in  the  estimate  of  geolo^cal  coaditiona.  Nor  is  tbe 
effect  of  ground-ice  confined  to  Canodn.  The  rivei-e  that  flow  into 
tlie  Northern  MineUsippi  carry  the  same  conditious  into  the  sontb. 
u  far  as  tbe  ice  floats  nndissolTed.  But  if  this  snbj^t  has  a  bear- 
ing oil  geology,  it  haa  n  far  greater  effect  on  the  distnbutioa  of 
.  Bpecies,  botli  of  plants  and  ainall  living  creatures,  fresb-water  shelU 
and  insects  eapecially.  With  the  stones,  portions  of  earth  are  vetj 
freqnently  carried  by  the  ice,  aod  every  mass  of  earth  contains  seeds 
of  laud  or  water  plants,  which  are  borue  dowu  the  rivers  and  distri- 
buted wherever  the  mass  of  ice  breaks  up.  Some  of  these  ice- 
bearing  bouldera  and  eartlia  are  driven  on  to  tbe  land  at  the  sides  of 
the  rivers  or  lakee,  and  there  dissolve,  and  there  the  seeds  gsrminste 
and  the  insects  Sourish,  perhaj>B  planting  species  where  they  were 
before  nnknown.  Now  consider  the  result  of  this  o]>eralion  on 
rivers  like  the  Mississippi,  or  the  Saskatchewan,  or  the  Mackenzie. 
From  a  central  area,  the  Mississippi  and  the  Mackenzie  distribut* 
species  in  opposite  directions,  some  of  which  may  bo  new  to  tJie 
countries  they  rest  in,  and  may  be  able  to  endure  the  difference 
of  climate.  Tlie  Saskatchewan  distributes  west  to  east,  from  tliB 
Rocky  Monntains  to  Hudson's  Bay.  As  it  is  most  probable  tlmt 
the  Kocky  Mountains  emerged  from  the  ocean  before  the  plains  to 
tbe  east  or  west  of  them,  it  is  possible  that,  as  vegetation  and  insect 
life  began  in  these  mountains,  both  were  mainly  distributed  over  tJie 
ooutinent,  as  it  gradnally  rose  ubuve  Clie  waters,  by  tbis  very  agvocj. 
At  any  rate,  if  the  climate  was  as  it  now  is,  this  agency  must  have 
borne  a  lai^e  share  in  the  distribution  of  life  over  the  land  wherever 
the  streams  from  the  mountains  flowed.  But  these  phenomena  are 
not  confined  to  North  America.  The  rivers  of  Siberia  do  the  same 
thing :  so  do  the  rivers  of  Northern  Europe.  Therefore  the  effect 
of  ground-ice  on  the  distribution  of  species  over  limited  areas  does 
not  deserve  to  be  overlooked.  I  think  these  are  the  chief  facts  that 
occur  to  me  on  this  subject.  I  am  not  acquainted  with  any  other 
observations  on  this  matter.  It  is  not  even  alluded  to  in  Lyell  'On 
the  Distribution  of  Species,'  nor  does  Darwiu  notice  it.  I  am  desirona 
that  it  should  be  further  examined,  and  I  send  you  this  paper  ts 
induce  some  of  your  members  to  take  the  subject  up,  and  carry  m 
their  observations  in  a  combined  manner,  with  proper  means,  which 
can  bo  more  readily  provided  by  a  society  thaji  by  an  individoat. 
I  do  not  pretend  to  anything  more  than  a  very  limited  amount  of 
observation,  and  my  speculations  may  or  may  not  be  oonfirmed  by 
better  and  more  scientific  observers.  I  leave  tbe  matter  in  yoor 
hands.  I  think  this  paper,  on  a  new  subject,  is  deserving  of  publi- 
cation, if  only  to  cause  others  tcmake  more  efficient  examination." 

"  Ifale. — The  Thames  is  STeir  year  becoming  mora  nnfit  (or  obeerrtdooi  la 
BTOUDd-ice.  Leu  wuter  comes  down  it,  eBpeciBUv  tile  north  branch,  bo  that  tbe 
Sallows  will  hanil)'  float  ice  that  can  carry  a  bouliler.  I  saw  more  ground-iee  in 
the  (our  wintcra  from  1860  M  186*  than  in  the  last  sii  yeara.  The  Grand  riter  I 
ihould  think  more  euitnble  for  obserTation." 

Dr.  Landor  writes  me  this  summer  concerning  some  further 
obaervationB  made  bj  bim  &&  iciV\o-««-.   "  Thar«  is  another  bo( 
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n  my  personal  knowledge  that  makes  additional  difiScnlty 
MX>anting  for  the  formation  of  ground-ice.  The  main  pipe 
supplies  the  pumping  engine  of  the  Detroit  Waterworks 
70  feet  in  diameter,  and  is  20  feet  under  the  surface  of 
iTer,  at  the  distance  of  100  feet  from  the  shoreu  In  the 
)r  of  1868  ground-ice  adhered  to  the  wire  covering  over  the 
h  of  the  pipe,  placed  to  prevent  the  entrance  of  fish  into 
ipe.  The  whole  wire  was  so  covered  with  ice  as  to  prevent  the 
1  of  the  pumps  by  impeding  the  entrance  of  wat^r.  It  is  very 
lit  to  account  for  the  ice  at  that  depth,  while  the  water  flowed 
f  above  and  below  the  pipe.  Tlie  cold  could  not  be  transmitted 
the  shore  along  the  iron  pipe,  for  the  pipe  was  not  covered 
ice.  It  seems  that  the  condition  of  rapid  flow  through  narrow 
Qstricted  places,  like  the  interstices  between  stones,  or  the  wire- 
1,  are  necessary  to  produce  congelation ;  but  why  it  should  be 
iced  in  such  difficult  circumstances  I  am  not  able  to  say.  The 
oration  of  Detroit  had  the  matter  considered  by  those  they 
jht  competent  to  give  an  opinion,  without  any  result,  but  that 
iving  men  to  break  the  ice  off  the  pipe-mouth  daily,  or  when- 
the  temperature  was  low.  The  circumstances  of  this  pipe  are 
difficult  to  account  for  than  the  ordinary  ground-ice  at  the 
moderate  depths,  because  20  feet  of  clear  water  and  100  feet 
the  shore  are  the  difficult  parts  of  the  problem." 
jre,  then,  is  a  riddle  for  some  of  our  physicists  to  solve ;  for  it 
be  admitted  that  the  mode  of  formation  of  ground-ice  is  still, 
y  the  least,  imperfectly  understood. — J.G. 


ITOOriCES      OIF      liJIEIiJIOIIE&S- 

tfoNTHLY  Notices  op  Papers  and  Pboceedtngs  op  the  Royal 
•ciETY  OF  Tasmania  fok  March,  April,  and  May,  1875.   8vo. 
).  29  and  viii.     (Hobart  Town.) 
iLY  one  paper  calls  for  attention  on  our  part,  viz.  that  by  the 

Eev.  J.  E.  Tenison  Woods,  "  On  some  Tertiary  Fossils  from 
e  Cape"  (pp.  13-26).  The  beds  from  which  the  fossils  were 
ined  are  correlated  with  portions  of  two  horizons  in  the  Cape 
ay  Series,  Victoria — an  Upper  or  Polyzoal  Limestone,  with 
\ipatagu8  Forhesii,  Woods  and  Duncan,  and  CeUepora  Gambier- 
t,  Busk;  and  a  Lower,  or  Brown  Clays  and  Sandstones,  dis- 
nished  by  the  presence  of  Pecten  laticoatatuSf  Quoy.  From  the 
aanian  representatives  of  these  beds,  twenty-seven  species  of 
lusca  are  enumerated,  of  which  eleven  are  new  to  science.  The 
rzoa  are  not  numerous,  being  chiefly  the  remains  of  the  charac- 
tic  CeUepora  Gamhierensis,  Busk.  The  Echinodermata  are 
ined  to  the  almost  equally  characteristic  Hemipatagua  Forhesii ; 
1st  of  the  Corals  three  of  the  forms  belong  to  already -described 
ies,  and  two  others  are  probably  new.  Four  species  of  Forami- 
ra  are  mentioned.  The  presence  of  a  portion  of  the  great  South 
tralian  Tertiary  formation  leads  Mr.  Woods  to  the  conclusion 

Tasmania  has  shared  in  the  general  upheaval  of  the  soutk  ooa&t 
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of  Auutraiio.  The  occnrrenoo  of  these  beds  in  a  lon^ta^e  eaet  of 
similar  ones  in  Australia,  "  proves  owe  more  liuk  to  the  nmon  of 
these  beds  with  the  great  Tertiary  formation  of  New  Zealand." 
In  the  nomenclature  of  ProfesBor  P.  Martin  Duncan  the  Table  Cape 
beds  will  be  Lower  Cainozoio.  Mr.  WootU  describes  the  new 
Bjiecies  of  MoHusca  iu  detail.  It,  R,  Juk. 


IT.— On  a  New  Cbinoid  from  the  Crktackocs  Fobmatios  of  tbi    • 
Wbbt.   By  GttoBGE  Bibd  Grinnkll.   American  Jonnial  of  Scienn 

and  Arts,  No.  67,  vol.  xii.  (July,  1876),  pp.  81-3,  pi.  4. 

UNTIL  the  discovery  of  tlie  unique  fossil,  described  in  the  abova    ' 
paper,  by  Professor  0.  C.  Marah,  Crinuids  from  tlie  Aniericwi 
Cretaceous  were  unknown.     The  new  form,  to  which  the  name  of 
Viutacrivm  soeialia  has  been  given,  belongs  to  the  Aatylidje,  or  fre« 
Grinoids,  and  is  allied  to  the  genus  Maraupitai,  Miller.     It  difien 
from  the  latter  in  the  form  and  arrangement  of  tta  plates,  and  in    i 
having  apparently  ten  arms;  it  may  be  the  type  of  a  new  gronpi 
The    individuAla    are   found    associated    together    in    (ionsidera]>ls 
numbers,  henoo  the  specifio  name.     V.  socialis  was  first  discovered 
hy  Professor   Marsh    in  the  Cretaceous  of  the  Uinta   MountAins. 
nssocJftted  with  the  Bcaies  of  a  Seri/x  and  Ostrea  eonjetla,  Conrad. 
Specimens  have  since  been  discovered  in  the    Kansas  Cretaceooa 
beds,  associnted  with  Odontomithes,  Pterodactylex,  and  Moaanurotd    { 
reptiles.     Mr.  Grinnell  gives  a  detailed  specific  description. 

R.  t;.,  JuN. 

III. — CoTTESwoLD  Naturalists'  Field  Club.  | 

DDEINO  the  past  two  years  the  Members  of  this  Club  Imve  been 
as  active  as  ever,  and  the  results  of  their  researches^aliiioBl 
entirely  geological  and  arcbfoological — form  a  large  and  well- 
illustrated  seriea  of  papere.  The  Addresses  of  the  President.  Sir 
William  Guise,  contain  an  epitome  of  the  work  done,  and  the 
records  of  those  pleasant  field  meetings  for  which  this  Club  hu 
always  been  celebrated. 

Exoursions  have  been  made  to  Newent,  Bath,  Radstock,  Farring- 
dou  in  Berkshire,  Chepstow,  Symonds  Yat  (Boss  and  Monmouth), 
Pendock,  Portskewet,  Caldicot  Castle,  and  Caerwent.  And  it  ii 
needless  to  say  that  under  the  able  guidance  of  Dr.  Wright,  the  Bev. 
W.  S.  Symonds,  Messrs.  Etheiidge,  C-  Moore,  Lucy,  ^fcMorlrie, 
and  others,  the  many  points  of  geological  interest  met  with  on  theee 
several  excursions  have  not  been  neglected. 

The  printed  papers  include  one  on  a  Bed  of  Fuller's  Earth  at 
Whiteshill,  near  Stroud ;  and  another  on  the  Angular  Gravel  of  the 
Cotteawolda,  by  Mr.  Witchell.  This  Angular  Gravel,  which  occnii 
(in  the  slopes  of  the  Oolitic  escarpments,  was  at  one  time  oonsidertd 
to  be  the  remains  of  sea-beaches — a  view  now  happily  abandoned. 
It  consists  of  Oolitic  detritus,  and  is  evidently  the  result  of  suba«ritl 
denudation.  Mr.  Witchell  considers  that  the  formation  probablj 
commenced  beforo  the  river-gravel  was  laid  down ;  and  that  peih^ 
the  jieriod   to  be  assignQii.  tn  its  oummencemetit  is  that  of  the 
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recurrent  period  of  cold,  during  the  latter  part  of  the  Glacial 
epoch.  And  it  coutinued,  in  his  opinion,  to  be  formed  while  the 
slopes  remained  exposed,  and  ceased  only  as  vegetable  matter  began 
to  cover  up  the  saiface. 

The  Rev.  W.  S.  Symonds  contributes  some  notes  on  the  Geology 
and  Archeeology  of  Malvern,  having  reference  more  especially  to  the 
Permian  and  Triassic  rocks.  He  observes  that  the  pebble-beds 
towards  the  base  of  the  *  water-stones '  contain  pebbles  of  a  quartz- 
rock,  exactly  similar  to  those  of  the  famous  Budleigh  Salterton 
Beds. 

Other  papers  there  are  on  the  Ancient  Wall  of  Gloucester,  on 
Sherston  Magna,  on  the  Ancient  Camps  of  Gloucestershire,  and  on 
O&'s  Dyke,  but  these  do  not  come  within  the  province  of  the 
geologist.  H.  B.  W. 


I. — Field  Geology.  By  W.  Henry  Penning,  F.G.S.  With  a 
Srctton  on  Paleontology.  By  A.  J.  Jukes- Browne,  B.A.,  F.G.S. 
8vo.  pp.  227.     (London  :  Bailli^re,  Tindall,  &  Cox.) 

AMONG  the  many  species  of  Geologists  whom  the  progress  of 
Science  has  developed,  the  Field  Geologist  is  perhaps  the 
most  peculiar  in  his  life  history  and  method  of  work.  There  is,  it 
is  true,  a  kind  of  gradation  between  all  classes  of  workers,  but  the 
man  who  devotes  his  time  to  the  mapping  out  of  various  strata 
exposed  at  the  surface  has  very  generally  been  enveloped  in  a  sort 
of  mystery.  Many  of  those  whose  opportunities  of  going  into  the 
field  are  confined  to  a  month  or  six  weeks  in  the  year  are.  at  a  loss 
to  understand  the  evidence  by  which  the  geological  lines  are  drawn 
upon  our  maps  with  such  apparent  precision,  and  if  in  their  exami- 
nation of  fresh  cuttings  they  find  a  boundary-line  has  been  drawn 
five  or  ten  chains  too  far  in  one  direction,  or  a  small  fault  has  been 
altogether  omitted  in  another,  they  are  confirmed  in  their  opinion 
that  mapping  is  to  a  great  extent  conjecture,  and  that  the  lines 
depend  very  much  upon  the  fertility  of  the  imagination.  But  the 
Field  Geologist  is  no  more  a  sudden  and  special  creation  than  the 
Lithologist,  the  Mineralogist,  or  the  Palaeontologist.  In  each  branch 
of  inquiry  development  can  only  result  from  experience,  and  although 
many  Geologists  possess  a  wide  range  of  knowledge  that  embraces 
every  branch  of  the  science,  the  Field  Geologist  is  more  generally 
restricted  to  his  special  work.  And  yet,  with  this  restriction,  they 
may  include  among  their  number  some  of  the  most  eminent  of 
eulogists.  William  Smith,.  Cony beare,  Sedgwick,  Murchison,  and 
De  la  Beche, — each  gained  his  reputation  from  hard  work  in  the 
field. 

But  the  work  of  the  Field  Geologist  of  the  past  is  to  some  extent 
different  to  that  of  the  present  generation.  The  honoured  leaders, 
80  far  as  our  country  is  concerned,  have  drawn  in  all  the  main 
oatlines,  and  the  work  that  they  left  to  be  done  is  but  the  filling  in 
of  the  details.     The  lines  sketched  in  by  William  Sm.ith,  «om!^ivn^<b% 
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from  the  top  of  a  ooacli,  were  at  the  time  saffictently  accunte  f« 
the  scale  of  map  be  used,  aud  coiigidcriiig  the  amount  of  coumiybs 
personally  examined,  bis  work  could  not  be  surpassed  by  auy  ou 
man.  Even  the  early  maps  of  De  la  Beche,  grand  works  as  they 
will  always  remain,  necessarily  lack  the  minute  precision  that  tl» 
labour  of  many  lives  alone  o,m\&  give  it ;  for  the  detailed  mapping 
of  the  whole  of  Devon  and  Cornwall  would  probably  occupy  more 
than  the  entire  lifetime  of  the  moat  expert  Geologist. 

The  old  work,  earned  on  for  the  most  part  by  noting  carefully  all 
the  junctions  between  two  formations  observed  in  travelling  tim% 
the  roads,  and  then  carrying  on  the  boundary-line  according  to 
contour  or  the  hill-shading  on  the  map,  must  now  be  supplemental 
by  careful  attention  to  minor  features,  if  any  advance  is  to  be  nude 
in  Field  Geology.  And  it  is  only  by  such  careful  attention  to  dctwl 
that  the  structare  of  a  country  can  be  rightly  understood,  or  a  conw* 
interpretation  be  made  of  the  varied  forces  which  have  combined  to 
sculpture  its  scenery.  To  carry  on  a  minute  survey  of  a  conotTj 
one  must  bo  prepared  (o  stay  many  weeks  or  months  at  one  locality, 
and  in  au  entirely  fresh  district  it  will  take  at  least  a  month  of  Laid 
work  to  g^t  well  aei|uainted  with  the  character  and  mode  of  oocni- 
rence  of  the  rocks,  before  any  regular  mapping  is  commenced.  Hair 
to  set  to  work  is  to  the  novice  a  matter  of  oonaiderable  difficulty. 
The  advantages  enjoyed  by  those  who  serve  on  H.  M.  Qeologiw 
Survey  are  great,  inasmuch  as  the  beginner  can  start  at  onc«  Under  tbe 
guidance  of  sonic  trained  man.  But  those  wh«  would  wish  to  sUrl 
independently,  and  work  out  the  geology  of  a  district  for  themselves, 
have  had  no  guide  aud  philosopher  to  direct  their  footsteps,  if  ire 
except  some  scattered  notes  in  geological  text-books,  and  the  brief 
hints  given  by  Jukes  in  his  "  Manual,"  and  by  Clifton  Ward  in  bit 
"  Elementary  Geology."  Mr.  Penning,  au  experienced  Govemmenl 
Geologist,  now  steps  forward  and  presents  us  with  a  concise  hand- 
book of  Field  Geology,  to  which  his  colleague,  Mr,  Jiikes-Bi-onne, 
has  contributed  some  notes  about  the  use  and  abuse  of  fossils.  Tbe 
work  commences  with  a  description  of  maps,  and  of  the  jostrumeati 
necessary  for  geological  work.  The  author  then  takes  us  out  into  ' 
the  field  into  a  country  of  Reading  Beds.  Chalk,  Greensand,  Gaall,  ' 
and  Alluvial  deposits,  where  perhaps  the  simplest  kind  of  field-work 
can  be  met  with.  He  explains  very  clearly  the  character  of  thp 
work  and  the  method  of  proceeding,  and  so  far  we  feel  we  oooiJ 
get  on  very  comfortably.  In  a  subsequent  chapter  he  takes  us  on  s 
survey  of  the  older  rocks,  the  Trias,  Permian,  and  Carbon iferoDs 
loaks,  and  a  feletone  dyke,  and  the  work  again  seems  so  clear  and 
Btraightforward  that  we  regret  he  does  not  take  us  a  step  further,  i 
and  illustrate  the  mapping  of  a  more  complicated  district  \vhere  the 
rocks  are  greatly  conturted,  where  the  stratification  is  obscured  b; 

'cleavage,  and  where  there  are  striking  instances  of  unconformabilcty.  I 
The  discrimination  between  faults  and  unconformabilities,  and,  in  { 
the  case  of  eruptive  rocks,  the  determination  of  those  which  are  j 
intrusive  and  those  which  are  interbedded  and  conformable,  reqairs     | 

more  notice  than  the  aatUui;  \kB.a  ^n«ti.  \a  ^loi^nn,  aa  likewise  do  tlw     I 
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.dications  of  metamorpbism  ;  while  the  remarks  qaoted  from  Lyell 
>.  120)  can  scarcely  be  said  to  represent  the  present  state  of  our 
loivledge  of  metamorpbic  rocks. 

The  advioe  furnished  on  the  construction  of  Horizontal  Sections 
I  the  use  of  the  Aneroid,  the  Level,  and  the  Theodolite,  is  very 
K>d,  and  the  author  rightly  points  out  the  necessity  of  obtaining  a 
ae  outline  of  the  ground. 

In  very  complicated  districts  Jukes's  plan  of  inserting  only  the 
Bts  observed  might  be  more  generally  adopted  with  advantage; 
id  in  all  cases  it  is  well  to  distinguish  between  actual  sections  and 
irely  diagrammatic  sections. 

The  remarks  on  Lithology  and  the  tables  fcM:  the  determination  of 
cks  and  minerals  cannot  fail  to  be  useful. 
Mr.  Jukes- Browne  gives  a  good  acco^nt  of  the  character  and  mode 

occurrence  of  fossil  remains,  with  hints  for  collecting.  The 
>ces8ity,  unfortunately  too  little  attended  to,  of  keeping  accurate 
cx>rd9  of  stratiun  and  locality  is  insisted  upon.     The  practice  also 

only  keeping  "  typical  specimens  "  is  justly  condemned,  since, 

the  writer  remarks,  "it  tends  to  confirm  the  old  superstition 
At  species  are  definite  abstractions,  and  to  draw  hard  and  fast 
les  between  cognate  forms  which  are  unnatural  and  non-existent 
reality." 

The  value  of  palaeontological  evidence  is  fairly  treated,  and  the 
iportance  of  their  stratigraphical  position  being  well  establishe'l 
fore  they  are  used  as  a  clue  to  the  identification  of  isolated  deposits, 
likewise  noted. 

Mr.  Penning  has  carefully  compiled  a  list  of  characteristic  fossils 
ranged  alphabetically  under  each  zoological  order,  so  that  if  a 
ecies  of  fossil  be  known,  the  approximate  (if  not  exact)  geological 
•sition  of  the  rock  to  which  it  belongs  can  readily  be  determined. 
We  have  said  little  about  the  method  of  drawing  boundary-lines, 

"we  can  confidently  recommend  the  Guide  before  us.  Those  who 
irt  with  this  book  as  a  companion  will  soon  be  able  to  grasp  the 
sthod  of  tracking  the  divisional  line  between  two  formations,  but 
would  be  difficult  to  draw  hard  and  fast  rules,  inasmuch  as  the 
aracter  of  the  work  and  the  evidence  to  be  relied  on  varies  much 
ith  the  difierent  rocks.  The  irregular  cappings  of  Drift  gravels 
d  Boulder-clay,  the  tolerably  regular  escarpments  of  the  Secondary 
d  Upper  Palaeozoic  rocks,  and  the  often  confused  state  of  the 
>'wer  PalsBOzoic  rocks,  involve  distinct  kinds  of  evidence  and  trains 

thought 

But  in  all  cases  such  evidence  as  that  furnished  by  springs,  soils, 
id  the  form  of  the  ground,  must  receive  its  due  attention ;  and  in 
L  cases  the  results  of  ancient  and  modern  landslips  must  not  be 
^glected. 

That  the  work  might  be  amplified  with  advantage  the  author 
mself  admits,  and  in  the  event  of  a  second  edition  we  should  like 

see  a  chapter  intended  for  those  who  set  to  work  in  an  entirely 
esh  country  where  little  or  no  order  in  the  succession  of  rocks  hsA 
sen  made  out. 
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n. — I'liiOTioAi.  Glide  to  tii*  Iblb  or  Wight.     By  IIkmv  Iiwp 
Jenkimbon.     (E.  Stanfoi-d,  1876.) 

THE  first  importout  work  desunptive  of  tlie  beauties  of  iU» 
interesting  island,  that  of  Sir  Henry  Eiigle£eld,  contuned  tit- 
valuable  letters  of  Thomas  Webster,  which  may  be  regardfsJ  m 
huviiig  laid  the  foundatioD  of  British  Tertiary  Geology.  And,  buuk 
the  ftppearance  of  that  work,  eveiy  sueuesMve  guide-book  liaa  rerr 
properly  aimed  at  giving  aoiue  account  of  the  geological  etnictan 
of  a  distiict,  oonoerning  which  Mr.  Hopkins  very  justly  remarfco'l 
that,  "  it  might  have  been  cut  out  by  Nature  for  a  geol<^c&l  mod«I 
illustrative  of  the  phenomena  of  strati ficadon." 

The  latest- published  gnide  to  the  igland.  which  now  lies  before 
us,  preseuts  m  muuy  excuUeiit  featurus — as  regards  conveuience  «f 
arrangoment  and  gKneral  accuracy^ — ^that  we  greatly  regret  to  U 
obliged  to  speak  in  terms  of  uuijnalified  oondemnation  concerning  iis 
geological  section. 

The  ten  pages  devoted  to  a  Bummary  of  the  fhatacters  of  the 
several  geological  formations  eE].K)tied  in  tbe  island  contain  more 
than  the  average  number  of  blunders  usually  committed  by  innocent 
compilers';  and  no  attempt  aeems  lo  have  been  nlade  to  bring  th> 
inlbrmntion  up  lo  date  by  a  reference  to  the  latest- publishul  ac- 
oounts  of  i-ORearchee  carried  on  in  the  district.  All  this  is,  howerer, 
venial  ootnpared  with  the  ofEeBoe  committed  by  tbe  aatliei  hi  dw 
last  seven  pages  of  his  chapter  on  Geology.  Like  an  individoil 
culling  himself  "Parfttl.ix,"  who  fnncios  that  all  aatixmomers  anj 
labouring  under  a  delusion,  and  that  the  earth  is  uot  aphcricol,  hat 
flat.  Mr.  Jenkiuson  insists  on  laying  before  bis  readers  a  number  o[ 
arguments  wbioh  prove  notliiug  but  his  total  incompetence  to  deal 
with  Boientific  questions  at  all.  One  qnotation  from  the  etjiteincnt  of 
what  he  is  pleased  to  call  His  "  new  theory,"  and  which,  it  seeing, 
has  been  already  published  in  several  guide-books,  will  more  thaa 
fiufSce  for  the  renders  of  this  SIao.^zihx. 

t'peaking  of  the  highly -inclitied  strata  of  the  Isle  of  Wight  he 
says:  "After  many  attempts  to  settle  tbe  matter  distinctly  to  my 
own  mind,  it  gradually  appeared  clear  to  me  that  the  coulortioni 
and  various  angles  of  the  layers  of  flint  in  the  chalk,  may  be 
accounted  for  by  the  deposits  on  the  irregidar  surface  of  an  ocean- 
bod  ;  and  that  tbe  vertical  sti-atft  of  the  Lower  Tertiaries  are  mereJ.v 
p^irtB  of  an  arch  or  curve  caused  by  the  strata  having  been  deposited 
■  m  the  sides  of  the  chalk  downs,  the  curves  gradnally  disappearing 
and  resolving  themselves  into  horizontal  lines,  in  one  direction  on 
the  summite  of  the  downs,  and  in  the  other  at  a  little  distance  froiu 
their  base."  Mr.  Jenkinson  has  "  satisfied  hmtetf"  that  gixilogiits 
are  altogether  in  error  in  supposing  that  movements  hare  liJteD 
place  in  stratified  rocks  subsequently  to  their  deposition. 

We  would  earnestly  recommend  tbe  author,  before  making  nnT 
further  exposure  of  "  his  theory  "  or  himself  in  guide-books,  to  caw- 
fully  read  some  manual  of  Geology — a  very  simple  and  elementiirj 
one,  like  Professor  Geikie's  excellent  lillle  Primer,  will  be  Iwsl 
adipt'^d  for  the  ^lurjofte — axii\Q^iK.ia\i\m«s\laEityMinted  with  wi'*' 
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are  the  aotnal  conclnsions  of  geologists  on  these  snbjects,  and  the 
groonds  on  which  they  are  based.  Were  it  not,  perhaps,  asking 
too  much  of  the  authors  of  guide-books  to  request  diem  to  examine 
for  themselves  the  objects  which  they  undertake  to  describe,  we 
would  suggest,  in  the  present  case,  a  visit  to  Whitecliff  or  Alum  Bay, 
where  the  pebbles  which  occur  in  numerous  bands  will  be  found  to 
have  their  longer  axes  vertical. 

Neither  astronomers  nor  geologists  can  of  course  object  to 
"Parallax"  and  Mr.  Jenkinson  exhibiting  their  mental  eccentricity 
in  volumes  which  are  correctly  labelled — volumes  which  we  are  free 
to  purchase  or  reject  as  we  please — but  we  must  strongly  protest 
against  such  nonsense  being  foisted  upon  us  under  the  innocent 
disguise  of  a  "guide-book." 

m. ^LSONHARD  UND-  OeINTTZ's  NeUES  JaHBBUCH  FliR  MlNEBALOOIE, 

Geolooie  und  Palaomtolooie,  1874-75. 

AS  usual,  and  for  many  years  past,  the  current  literature  of  Geology 
and  associated  sciences  is  well  represented  in  this  valuable 
periodical ;  and  the  researches  of  o^ir  fellow-workers  in  Germany 
and  elsewhere  continue  to  enrich  \i%  pages  with  new  facts  and 
theories. 

Jahrgan^  1874,  Hefte  1-9. — Besides  the  numerous  communica- 
tions addressed  to  the  Editors  by  geologists  and  mineralogists  from 
every  side,  which  often  constitute  memoirs  in  themselves,  such  as 
the  letter  on  the  schiller(juarz  of  Oberstein,  etc.,  by  Dr.  H.  Laspeyres, 
— Q.  vom  Bath's  letters  on  foresite  from  the  granite- veins  of  Elba, 
and  wollastonite  in  the  phonolite  of  the  Breisgau. — A.  Knop's  on 
the  segregation  of  silica  and  formation  of  oolite, — E.  Weiss's  on  the 
Mansfeld  weissliegende, — 0.  Fraas's  on  fossils  from  Palestine,  etc., 
we  find — 

In  Palseontology : — V.  von  MoUcr  on  Vofborlhift^  a  new  genus  of  fossil  Brachiopoda 
(pL  Tii.  part) ;  and  0.  Feistmantel  on  the  Carbonil'erous  EquUeta : — Equiwtum 
Schuetztanum,  O.  F. ;  Eq^  w/widibuli forme,  Brongn. ;  Eq,  priseum,  Gcinitz ;  Eg. 
vigaftttum  (h.  &  H.) ;  Eg.  brevidefu,  Schimper ;  Eg.  mgo^utHy  Schimp. ;  Eg.  dubium, 
iBrongn. ;  £q,  Soeolowikij  Eiehw.  ;  Eg.  radiatum  (Sterab.) ;  pi.  yi. 

In  Geology : — A.  E.  Tornebohm  on  the  gneissic  district  ot  Sweden  (pi.  iv.) ;  F. 
Diffenbach  on  the  Earthquakes  (141^  and  Volcanic  eruptions  (Kilauea,  Merapi, 
Vesurins,  Maunaloa,  and  St.  Vincent)  of  1872;  F.  Mourer  on  some  fossiliferous 
DeTonian  rocks  between  Giessen  and  I*  rietlberg  (j^l.  vii.  part) ;  E.  Cohen's  geological 
and  petrographical  notes  on  South  Africa  (pi.  viii.) :  I.  Bibliography:  II.  Vicinity 
of  Cape  Town;  1.  the  Granite,  2.  the  Diabase,  3.  the  Schi'its,  //,  the  Lion's  Rump'; 
^,  Sea  Point ;  e,  Platte  Klip,  4.  the  Sandstone ;  Carl  Naumann  on  the  Hohburg 
porphyry  hills  in  Saxony — a  woodcut  and  map  (pi.  v.)  (the  last  work  of  the  author, 
and  scarcely  finifihedj ;  Alb.  Ileim  on  the  SlicKensides  in  the  porphjTy  hills  on 
Hohburg;  Th.  Wolf^  geological  notes  on  Ecuador:  1.  The  occurrence  of  quartz- 
andesite  in  the  highland  of  Quito ;  2.  Geological  Sketch  of  the  Province  of  Guaya- 
quil ;  3.  A  mud-Yolcano  on  the  west  coast  of  Ecuador ;  and  H.  B.  Geinitz's  Obituary 
of  G.  F.  Nanmann. 

In  Mineralogy  and  Petrology:— C.  Klein's  Mineralogical  notes:  the  optical 
propertiea  of  the  Snlzbach  epidote  (pi.  i.) ;  Bnrkart  on  the  iron-meteonte  of 
Poblazon,  Mexico  (pi.  ii.) ;  Burkart  on  tellnric  and  bismnth  minerals  in  the  U.S. 
of  America ;  Westpnal  on  a  porphyry  yein,  with  loose  orthoclase  cr)'8tals,  in  the 
Hbe  Talley  district ;  H.  Mohl  on  the  mineralogical  constitution,  classification,  and 
distribution  of  the  phonolitcs ;  A.  Weibbach  on  roselite ;  Websky  on  some  remark- 
able specimens  of  quartz  from  Neuhaus,  Oberstein,  Baveno,and  Trayoreftlla  (^l.\\\.\\ 
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-        ■-•-■-         -     ;pLiT.L  . 

B  har  liiliKj  <■  iha  Eoabw^HdlB  ■«■ 
'    *" — ^'  <■  the cnptiaa «i  Hm  mi^W 
:  4.  AerAmie  itMliiMoA— fc 


'   Mtist:'s'  MitaMott!  rlitditc:  6.  I>aliaiiit«  ottk*  Ci^ii:  T.  Cudi'u-W^  :'8' T1 

"     "        '.  LiajntiDiite,  ax. :    M-iht  on  the  crnw  of  tht  Eanb's  inieml 

For  lliaenl(if>T  lad  PctroloeT  : — A.  KenDEntt  on  th«  OTMsIlia^ 
■■d  At  mpfsotdnl  uanaMrr  of  the  heiMCu 


IM  latat  pecaliu  iiidaplipc-«nijgdaloiil>  frum  Siwlh  Africa,  with 
or  [npe-likc  Versd*  (pi.  iL  md  iii.) :  A.  Ton.  Latanli's  imniiialoei('i>-<T;tfBl 
mWi  ^L  It.)  :  FenL  Boemer  on  the  Gnnderbach  hliai,  aeai  Lao^iihe,  in  l_. 
fnBtnn  CiicU;  F.  SradtKi^er  on  cluil«  from  Ibe  Clara  Mine,  near  Shapbwb. 
Mden  Schwinvald^  H.  Bchrodn  on  the  Btomic-constitntian  of  S'^me  mil. 
E.  Ealkonkr't  miciottnpEcal  eumumtioD  of  the  ai-called  nuaiMOiti  mp  of  Vlt- 
dorf,  proTmg  that  this  ts  an  altered  granwackr,  and  i^  aiA  at  all  a4]  emptitc  nt^'. 
C.  Elein'a  mintralosiesl  Rotei:  13.  Anatase;  14.  Xenotme  from  the  Binnratb^: 
A.  Streng-  on  tb<!  Frritalluie  fonn  sad  macia  of  Phillip«it«  (pi.  liii.) :  A.  Proirfrt 
mineralo^cal  note;  MuU's  micnMcopical  mineralo^cal  nolw;  A.  Slreng  on  ibi 
porphjriitB  o(  nfeld  and  ricinitr. 

The  prooeedtngs  of  llie  TTppbk-Rhikb  Geologicai.  Society  are 
also  pnblislied  in  this  volume  of  the  Neues  Jahrbuch  ;  and  amoQ^ 
the  tuoro  iniporUiit  of  the  miacellaneous  letters  to  the  Editors  we 
may  nots : — 

F.  Strobel  on  tbe  remains  of  UalsDopteridiG  in  the  PanoaMnsenm;  F.J.Eanimu 
on  tlic  TriaMic  and  Juisasic  foHili  ol  the  Mitbimatocke,  near  St'hvji,  the  Baorii- 
nrborn,  and  Stanscrhorn,  in  rnterwalclen  ;  1'!  StiobtJ  on  the  g«(ilo^  uf  the  Ssi^ 
between  33"  and  33°  S.  Lnt. ;  Eeoanl  on  Qte  plntonie  rocks  of  Belnnm  and  lh> 
Atdennw;  A.  Anrnni  on  the  Bul[ihur  beds  in  Daghestan:  11.  Roaenbtueh  m  lb 
contact  of  granite  and  cln^late  m  the  Votwea:  G.  lom  Hath  on  the  intruic 
emptioiu  in  Iceland  in  the  winter  of  1871-3;  F.  Zirliel's  micrtecopic  examiiuitins  «( 
Tolcnnic  a*h  which  fell  in  Norway,  Uaii-h  29,  187S;  A.  Sohmif  on  wanolnilt; 
Dt«  Clqiteaiii  on  perowsktte,  feLspan,  leurile,  salitv,  eucrite,  ke. ;  tuid  E.  UsU  N 
melaph^,  minette,  and  porphjrite. 
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I. — ^British  Association  fob  the  Adyamoehemt  of  Soienoe, 
EoBTY-sixTH  Meeting,  Glasgow,  Septembeb  7th,  1876.  Titles 
OF  Papers  Bead  in  Section  C.  (Geology). 

President.'-TTot  John  Young,  M.D.,  F.B.S.E.,  F.G.S. 

Inaugural  Address  by  the  President 

Dr.  2>.  Milne- Home,  F,G,S, — Notices  of  Terraces,  Plats,  and  Haughs 
at  High  Levels  in  the  Carron  Valley^  near  Falkirk. 

Dr.  James  Bryce,  F.G.S. — Seventh  Regort  on  Earthquakes  in 
Scotland. 

Dr.  James  Bryce.  F.G.S. — On  the  Earthquake  Districts  of  Scotland. 

JK«  Grace  the  Duke  of  Argyll,  K.T.,  LL.D.,  F.E.S.—On  the  Phy- 
sical Structure  of  the  Highlands  in  connexion  with  their  Geo- 
logical History. 

Dr.  D.  Milne-Borne,  F.^.iS.— Notes  on  the  Parallel  Roads  of  Glen 
Boy. 

J.  Macfadzean, — On  the  Parallel  Roads  of  Glen  Boy. 

O.  A  Gibson,  M.B.,  B.Sc. — On  the  Geology  of  Foula,  Shetlands. 

W.  Pengeliy,  F.B.S. — ^Twelfth  Beport  of  the  Committee  for  exploring 
Kent's  Cavern,  Devonshire. 

B.  H.  Tiddeman,  If. A.,  F.G.S. — Fourth  Beport  of  the  Committee  for 

assisting  in  the  Exploration  of  the  Settle  Caves  (Victoria  Cave), 

Yorkshire. 
K  Wunsch,  F.G.S. — On  the  Junction  of  Granite  and  Old  Bed  Sand- 
stone in  Arran. 
Professor  W.  C.  Williamson,  F.R.S. — On  the  most  recent  Besearches 

into   the  Structure  and   Affinities  of  the   Plants   of  the  Coal 

Measures. 
Dr.  Anton  Fritsch. — On  Labyrinthodont  Bemains  from  the  Upper 

Carboniferous  (Gas-Coal)  of  Bohemia. 
Professor  Harkness,  F.B.S.,  and  Professor  H.  A.  Nicholson,  M.D. — 

On  the  Strata  and  Fossils  between  the  Borrowdale  series  of  the 

Coniston  Flags  of  the  North  of  England. 
Bev.  E.  SeujeU,  M.A.,  F.(?.S.— Not^s  on  the  Drifts  and  Boulders  of 

the  Upper  Part  of  the  Valley  of  the  Wharfe,  Yorkshire. 

C.  E.  De  Bance,  -F.^j.S.— Second  Beport  of  the  Committee  on 
Underground  Waters  of  the  New  Bed  and  Permian  Formations 
of  England. 

W.  ^'.  Mitchell,  LL.B. — Final  Beport  on  the  Bagshot  Leaf-beds. 

Professor  James  Thomson,  F.B.S.E.— On  Bidgy  Structure  in  Coal, 
with  suggestions  towards  accounting  for  its  origin. 

Professor  James  TJiomson,  F.B.S.E. — Further  Illustration  of  the 
Jointed  Prismatic  Structure  in  Basalts  and  other  Igneous  Bocks. 

Bev.  H.  W.  Crosskey,  if.-4.— Beport  on  Distribution  of  Erratic 
Boulders. 

Professor  E.  Htill,  M.A.,  F.B.S. — On  the  Upper  Limit  of  the  essentially 
Marine  Beds  of  the  Carboniferous  System  in  the  British  Isles, 
and  the  necessity  for  the  establishment  of  a  Middle  Carbon- 
iferous Group. 
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18.  "Some  Recent  Sections  near  Nottingham."  By  the  Eev.  A. 
Irving,  B.A.,  B.Sc.  F.G.S. 

The  author  describes  a  section  of  the  strata  exposed  daring  the 
recent  construction  of  a  railway  line  from  Carlton,  three  miles  to  the 
east  of  Nottingham,  through  Daybrook,  to  Eimberley. 

The  section  commences  in  the  Upper  Keuper ;  the  Lower  Eeuper 
rV^aterstones)  are  penetrated  at  a  short  distance  from  the  village  of 
Gedling.  These  h^s  are  well  shown  as  the  cutting  enters  the 
plateau  known  as  the  ''  Mapperley  Plains/'  and  consist  of  a  series  of 
alternating  red  marls  and  sandstones.  One  of  the  sandstone-beds 
is  nearly  white ;  and  hollows  varying  in  size  from  that  of  a  pea  to 
that  of  a  fowl's  Q^g  are  of  frequent  occurrence.  These  are  prob- 
ably due  to  the  dissolving  out  of  small  calcareous  concretions. 
This  bed  occurs  high  up  in  the  Waterstone  series.  The  total  thick- 
ness of  the  Lower  Eeuper  may  be  estimated  at  about  100  feet  At 
about  one  quarter  of  the  height  from  the  bottom  ripple-marks  are 
abundant ;  sun-cracks,  rain-pittings,  and  pseudomorphs  also  occur ; 
bat  as  yet  no  footprints  have  been  found. 

The  line  then  crosses  about  3  miles  of  Bunter  country.  Li  the 
npper  portion  of  the  series  the  pebble-beds  appear  to  be  wanting, 
and  their  place  is  taken  by  a  series  of  thinly-laminated,  micaceous, 
whitish,  false-bedded  sandstones.  These  are  succeeded  by  marine 
oonglomeratic  beds,  which  extend  for  some  distance.  A  mile  further 
west  the  sandstones  become  softer,  and  assume  a  more  mottled  ap- 
pearance, which  they  retain  all  the  way  to  the  Leen  Valley,  where 
the  base  of  the  Bunter  is  hidden  by  alluvium. 

The  cutting  then  passes  through  an  outlier  of  Lower  Bunter  and 
Upper  "Permian"  Sandstone.  Two  faults  occur  at  this  spot,  by 
the  first  of  which  the  Permian  is  thrown  down  several  yards ;  whilst 
by  the  second  it  is  let  down  below  the  level  of  the  railway. 

Near  the  village  of  Watnall  a  tunnel  pierces  the  Magnesian 
Limestone  and  the  Coal-measures.  This  junction  is  distinctly 
unconformable,  the  Permian  formation  being  nearly  horizontal, 
and  the  Coal-measures  dipping  at  an  angle  of  15°  to  the  north-east. 
At  the  western  end  of  the  tunnel  another  fault  lets  down  the 
Permian  12  feet ;  the  Coal-measures  are  consequently  lost  to  sight, 
until  again  brought  up  by  another  fault  on  the  other  side  of  the 
village.  The  author  considers  that  the  Permian  strata  are  closely 
related  to  the  overlying  Trias,  and  are  unconformable  to  the.  Coal- 
measures. 

Here  and  there  patches  of  drift  were  met  ^dth,  but  almost  en- 
tirely in  the  Bunter  coimtry,  owing  to  the  friable  nature  of  that 
deposit  These  patches  are  probably  the  remnants  of  a  drift  once 
more  widely  spread. 

Traces  of  drift  on  the  Eeuper  country  are  remarkably  few.  Two 
patches  have  been  preserved  by  a  fault  on  the  north-eastern  side  of 
Nottingham. 

In  a  cutting  on  a  new  line  of  the  Midland  Bail  way  it  is  found 
that  the  Avicula-contorta  shales  have  been  removed  by  evident 
glacial  action,  and  redeposited  among  other  materials  on  the  \|lsxLQd 
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and  striated  surface  of  the  indurated  greenish-grey  marls  of  tiie 
lowest  Rhtetic  stmta. 

1 9.  "  On  the  Permians  of  the  North-east  of  England  and  their 
relations  to  the  Under-  and  Overlying  Formations."  By.  K  Wilwn, 
Esq.,  F.G.S. 

The  author  describes  as  follows  the  same  section  as  that  noticed 
in  the  preceding  paper  : — Lower  Bunter,  30  feet ;  breccia  of  variooi 
slates  and  grits,  etc.,  underlain  by  red  and  yellow  mottled  and  grey 
sandstones,  considered  by  the  author  to  be  passage-beds  betweoi 
the  Bunter  an<l  the  Permian  formations;  these  are  followed  by 
ordinary  Permian  marls,  21  feet;  Magnesian  Limestone,  S3  feet; 
slate-coloured  thin-bedded  sandstones  and  shales,  with  a  breccift  at 
the  base,  19  to  20  feet.  The  breccia  rests  in  a  series  of  very  gentle 
undulations  on  a  planed-ofif  surface  of  Coal-measure  shales,  which  dip 
in  a  north-easterly  direction  at  an  angle  of  15°.  Tliis  unconformity 
between  the  Coal-measures  and  the  almost  horizontal  Permians  is 
most  pronounced,  a  fact  long  ago  pointed  out  by  Prof.  Sedgwick, 
and  tends  to  confirm  the  supposition  of  the  pre-Permian  elevation 
and  denundation  of  the  Pennine  axis. 

The  author  considers  the  breccia  at  the  base  of  the  Permian,  and 
possibly  that  of  the  Lower  Bunter,  to  be  of  glacial  origin.  The 
paucity  of  life  in  the  intervening  beds  might  thus  be  accounted  for. 

20.  "  The  Sectitm  at  High  Force,  Teesdale."  By  C.  T.  Clough, 
Esq.,  B.A.,  F.G.S. 

'J^he  section  described  by  the  author  in  descending  order  is  as 
follows: — Basalt,  24  feet;  altered  sliale,  \\  foot;  basalt,  G  feet; 
altered  shale,  12  feet;  limestone,  32  feet.  The  second  stratum  of 
basalt  has  l^een  erroneously  deserihed  in  Phillips's  •  Geology  of 
Yorkshire  '  as  "  plate  "  or  shale,  whereas  it  is  merely  an  undtrflow 
of  the  basalt.  About  20  yards  below  the  Foree  the  lower  and 
interealated  layer  of  basalt  has  entirely  disappeared.  These  inter- 
calated (not  int^rstratified)  bods  of  volcanic  rock  are  comnion 
throughout  the  district,  and  tend  to  prove  the  irruptive  nature  of  the 
AVhin  8ill,  as  maintained  l>y  the  late  Prof.  Sedgwick. 

21.  -  The  Distribution  of  Flint  in  the  Chalk  of  Yorkshire."  B> 
J   \\.  Morthner,  Esq.     Communicated  by  W.  Whitaker,  Esq.,  F.G.S. 

The  author  considers  that  the  present  shape  of  the  Chalk  Wolds  of 
Yorkshire  seems  to  suggest  that  the}'  are  the  remains  of  an  atoll  or 
circular  reef,  probably  one  of  a  chain,  rather  than  the  fragment  of  a 
vast  sheet  of  Cretaceous  mud  deposited  in  deep  water,  lie  thinks 
that  the  flint-bearing  and  non-flint-bearing  chalk  areas  are  in  the 
main  contemporaneous  in  Yorkshire.  The  chalk  without  flint  con- 
tjiins  4*28  per  cent,  of  silica,  whilst  the  chalk  with  flint  amtaiii> 
only  2-12  per  cent. 

22.  *'  On  the  Mode  of  Occurrence  and  Derivation  of  Beds  i;f 
Drifted  Coal  near  Corwen,  North  Wales."  By  D.  Mackintosh,  Esti.. 
F.G.S. 

Resting  on  the  lowest  drift,  which  here,  at  an  elevation  of 
600 — GOO  feet  below  the  level  of  the  sea,  consists  of  yellowish  clay 
alternating  with  beds  of  coarse  gravel,  is  a  deposit  of  clean  sand  aiid 
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ae  gravel,  containing  streaks  and  layers  of  coal,  which  varies  in 
»rm  from  fine  dust  to  large  lumps.  The  fine  gravel  appears  to  be 
itirely  made  up  of  local  micaceous  Silurian  grit. 
The  glacial  striae  run  in  a  W.S.W.  direction,  and  at  first  led  the 
ithor  to  infer  that  the  coal  had  been  drifted  from  that  quarter, 
his,  however,  would  have  involved  the  supposition  that  a  portion  of 
le  Coal-formation  in  situ  had  been  faulted  down  on  the  top  of  the 
^markable  outlier  of  Mountain  Limestone,  which  occurs  about  a 
tile  and  a  half  west  of  Corwen.  The  author  is  therefore  now  of 
le  opinion  that  the  coal  was  drifted  from  the  Uuabon  district  during 
comparatively  temperate  interglacial  period.  The  land  not  being 
ibmerged  beyond  a  few  hundred  feet,  it  was  floated  along  the  sinu- 
dties  of  the  valley  of  the  Dee,  and  stranded  in  the  shallow  water  of 
16  Corwen  area.  Hence  the  transportation  of  debris  may  at  times 
ftve  taken  place  in  a  direction  diametrically  opposite  to  that  of  the 
laciation  of  a  district. 

23.  ''  The  Cephalopoda-beds  of  Qloncester,  Dorset,  and  Somerset." 
iy  J.  Buckman,  Esq.,  F.G.S. 

The  author  considers  the  Cephalopoda-beds  of  Bradford  and 
Sundry  to  be  on  the  same  horizon,  and  that  neither  the  one  nor  the 
:her  have  the  slightest  connexion  with  the  Cephalopoda-bed  of 
loucestershire;  The  Dorsetshire  Cephalopoda-bed  is  the  equivalent 
f  the  "  Gryphite  Grit "  at  Leckhampton,  and  the  overlying  roughly 
added  stone  is  the  representative  of  the  "  Trigonia  Grit "  of  Cold 
omfort.  The  Gloucestershire  Cephalopoda-bed  lies  at  the  base  of 
le  Inferior  Oolite,  whilst  the  Dorsetshire  bed  is  at  the  top  of  that 
)rmation. 

Part  of  the  sands  at  Bradford  Abbas  really  represent  the  lower 
*olitic  mass  of  Leckhampton  and  Cricklej ;  in  fact  the  Dorset  sands 
^present  the  lower  freestones  of  Gloucestershire.  The  beds  under- 
ring  the  Dorsetshire  Cephalopoda -bed  are  the  equivalents  of  the 
aferior  Oolite  of  Ham  Hill. 

The  author  gives  lists  of  the  fossils  from  the  freestone  of  Ham 
[ill,  and  of  the  Cephalopoda  from  the  Dorset  equivalent  of  the 
Gryphite  Grit."  The  latter  do  not  appear  in  zones,  but  different 
[>ecies  are  prevalent  at  different  localities,  all  on  the  same  horizon, 
he  other  fossils  from  this  bed  point  to  the  same  conclusions,  as  the 
jnmonites  are  numerous  and  in  good  preservation. 

24.  "Evidence  of  the  Subsidence  of  the  Island  of  Guernsey." 
ly  R.  A.  Peacock,  Esq.,  C.E.,  F.G.S. 

All  round  the  coast  of  this  island,  like  that  of  Jersey,  are  found 
■ee-tmnks  and  other  vestiges  of  old  forest-land  now  submerged, 
'assages  are  quoted  by  the  author  from  various  old  historians  relative 
>  the  former  existence  of  this  tract  of  dry  land,  the  submergence 
P  which  probably  took  place  in  the  fifteenth  century.  The  encroach- 
lent  of  the  waters  is  due  to  the  subsidence  of  the  land,  and  not,  as 
as  been  suggested,  to  the  breaking  in  of  the  sea  through  some 
atural  barrier  upon  some  already  low-lying  district.  Judging  from 
le  old  chart  of  1406,  the  amount  of  depression  is  equal  to  160  feet. 
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476  Corri'xiiondmce — Mr.  S.  B.  J.  Skerlchh/. 

CORIRESSE'OlsnDEIITCE. 

IXTEP-GL\CUL  MAN. 

Sib, — Will  yon  allow  me  to  record  (he  discovery  of  Pala»! 
flint  implements,  mamraaliBu  bones,  and  fresh-water  shellu  ia  brldfc 
e&rtlis  below  tho  Boulder-clay  of  E«st  Anglia? 

Tbe  great  clialky  Boulder-clay  of  Ibis  district  I  liave  bIw 
two  Geological  Sivi'vey  Memoirs,  now  iu  tbe  press,  to  btlong  to  tli6 
early  part  of  the  Great  Ice  Age,  aud  only  to  bo  "  Uppe*  Glacial"  in 
BO  far  as  tbia  district  is  ooncenH^d.  Beneath  this  clay  occur  patchea 
of  briok -earth  which  may  be  of  "  Middle  Glacial "  age  or  even  older, 
and  from  them  I  have  obtained  well -fashioned  flint  implementi. 
'  These  toolB.are  the  oldest  yet  described,  although  some  of  tbe  well- 
known  cave  implemeotfl  may  be  as  old  or  older,  their  antiqnilv 
being  doubtful,  from  the  absence  of  Glacial  deposits.  The  hunian 
remains  from  tlie  Victoria  Cave  at  Settle,  beneath  Glacial  Clay,  are 
in  all  probability  of  the  same  a^  as  our  Paheolithic  gravels,  and 
hence  much  newer  than  those  in  quostion. 

I  hope  shortly  to  describe  these  interesting  tbHos  and  their  k*' 
logical  position  fully.  SyoitET  B.  J.  Skkstchlt. 

n.    M.  GlOLOGICAL  SURTBT,  BbAMDOH, 

Srplemitr  111,  1870. 
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THE  STAINING  OF  ROCKS  BBNSATH  THE  MAGNE8IAN  LIWESTOS*! 
Sib, — Immediately  bdow  the  Magnenan  Limestone  of  ToT^h&e 

there  is  a  belt  of  shales  Jind  sandatones  more  or  less  red  or  purple 
in  coloiir.  For  n  lung  time  lliesii  rucks  were  ItKiked  upon  as  a  sub- 
division of  the  Permian  Group,  the  main  reason  for  placing  them 
on  that  horizon  being  their  marked  red  hue,  which  contrasts  stronglj 
with  the  blue  or  grey  tints  of  the  generality  of  the  CarboniferoHB 
shales  and  sandstones.  It  is  now,  however,  well  known  that  these 
red  beds  are  stained  Carboniferous  rocks,  and  as  the  staining  is  eon- 
fined  to  the  portions  which  are  now  capped  by  Magnesian  Limestone, 
or  which  were  probably  once  overlaid  by  that  formation,  there  i« 
good  ground  for  believing  that  the  Magnesian  Limestone  has  bad 
something  to  do  with  tbe  change  in  colour.  It  seems  likely  tb&t 
the  effect  has  been  produced  by  water,  which  has  percolated  throu^ 
tbe  Limestone  and  passed  down  into  the  stained  rocks.' 

In  the  hopes  of  throwing  some  light  on  the  nature  of  tbe  chemical 
reactions  by  which  the  change  in  colour  has  been  brought  alwnt,  I 
made  the  following  experiment ;  "Water  saturated  with  carbonic  acid 
gas,  and  containing  finely  divided  limestone,  was  dropped  slowly  on 
Innips  of  gritstone  in  such  a  manner  that  very  small  quantities  of 
the  powder  dropped  at  the  same  time.  Aftor  the  process  had  been 
continued  for  about  six  weeks,  the  stone  was  found  to  be  stained  dark 
red,  and  the  staining  was  particularly  marked  in  the  bluish  grey 
varieties.  The  quantity  of  the  colouring  matter  was  too  small  to 
allow  of  its  being  analysed,  but  it  seemed  to  me  likely  that  some  8«lt 

'  J.  C.  Ward,  dnart,  Jonra.  Geoi.  Soc,  vol.  ijt.  p.  296 ;  Gbol.  M.o.  Vol.  IX. 
p.  389.  J.  Lucus  Gei>l.  Mag.  Vol.  IX.  ;>.  33S.  For  another  case  of  rock  stamiag 
tee  Menu,  of  Geol,  Smvej  of  Great  BiiUin,  vol.  i.  p.  45. 
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of  iron,  probably  the  carbonate,  was  dissolved  in  the  water,  and  pre- 
cipitated by  the  carbonate  of  lime  and  magnesia  as  per-hydrate  of  iron. 

In  order  to  test  the  correctness  of  this  explanation,  I  passed 
carbonic  acid  gas  through-  water  containing  powdered  grit,  powdered 
limestone,  and  a  mixture  of  the  two ;  and  since  the  stone  that  was 
stained  was  freely  exposed  to  air  and  light,  I  was  careful  that  the 
powders  should  be  -exposed  in  a  similar  manner.  The  powders  were 
then  allowed  to  dry  and  fre'^h  water  added.  The  process  was  re- 
peated during  several  months,  but  in  none  of  the  three  cases  could 
I  find  a  trace  ef  iron  in  the  liquid. 

I  am  led  to  ask  for  a  publication  of  my  results,  in  the  hope  that 
some  of  your  readers  will  suggest  some  other  test  experiments  which 
may  lead  to  the  true  explanation  of  the  method  by  which  the  stain- 
ing is  produced.  James  Momokman. 

YOBXSHIRE   COLLEOB   OF   SciBNOI,   LbEDS. 

LLANDOVERY  ROCKS  IN  THE  LAKE  DISTRICT. 

Sib, — I  notice  that  Mr.  Hicks,  in  his  last  letter  on  this  subject, 
is  contented  to  meet  his  opponents  on  their  own  terms,  and  that 
he  expresses  his  firm  persuasion  of  the  overthrow  of  their  views 
solely  by  the  evidence  afforded  by  the  Brachiopods  and  Trilobites 
which  have  been  discovered  in  the  disputed  beds  within  the  Istst  few 
months.  It  may  consequently  be  suspected  that  the  Graptolites 
which  swarm  in  these  beds,  but  which  have  been  so  slightingly 
alluded  to  and  huiried  out  of  sight,  have  not  a  word  to  say  upon 
the  question.  I  am  still,  however,  inclined  to  think  that  a  good 
case  can  be  made  out  by  the  aid  of  the  Graptolites  alone  ;  and  that 
the  view  of  the  Lower  Llandovery  age  of  the  Coniston  Mudstones, 
grounded  upon  this  opinion,  which  I  have  held  for  some  years, 
and  which  was  strongly  insisted  upon  in  a  joint-paper  on  the 
Coniston  Group  by  Professor  Nicholson  and  myself,  read  at  the 
Bristol  Meeting  of  the  British  Association  (1875),  needs  but  little 
extra  confirmation. 

I  presume  that  most  palaeontologists  are  willing  to  admit  that, 
whether  the  various  genera  and  species  of  the  Graptolites  are  of  equal 
systematic  value  with  those  of  the  Brachiopoda  and  Trilobita  or  no, 
they  are  at  least  as  easily  identified  by  those  who  have  studied  them, 
and  that  it  is  tolerably  certain  that  they  were  correspondiugly 
affected  by  the  conditions  which  bix)ught  about  the  gradual  evo- 
lution and  extinction  of  the  various  forms  of  the  latter  gi'oups, 
whose  remains  are  now  found  upon  the  same  horizons  with  them. 
If  so,  it  is  surely  highly  unphilosophical  to  jefuse  to  allow  full 
value  to  those  points  now  known  with  a  close  approximation  to 
certainty  regarding  the  presence  and  range  of  the  Graptolites  which 
all  would  be  willing  to  grant  at  once,  where  the  other  gi'oups 
are  concerned.  Following  here,  therefore,  the  usual  line  of  argu- 
ment adopted  when  the  latter  are  relied  upon  as  indices  of  the 
systematic  place  of  their  containing  beds,  we  observe — 

Firstly — (a.)  The  Coniston  Mudstones  consist  of  a  thin  group  of 
shales  (black  below,  and  grey  or  purple  above),  which  reposes  upon 
a  limestone  containing  many  of  the  vet;;  Vi\g)[i<^%\.  1&^<^  tQ<«iK^&^  ^^s^ 
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whiali  yields  a  very  distinct  assemblagd  of  GniptolitM  (>bont 
Bpeoies),  A  few  of  which  are  confined  to  its  lower  beds,  and  &  fn 
occur  only  iu  its  highest  zones. 

(6.)  Ill  the  neiglibonring  Silurian  district  of  South  Scotland  ii 
fonnd  a  huA  of  precisely  similar  lilhological  ohtiraeter  (tin;  Birkhill 
Shales),  black  below,  and  grey,  purple  and  bl&cfc  above.  In  tlieae 
Rhales  perhaps  every  fossil  of  the  Hudstoues  is  represeotivl ;  and. 
stntnge  to  say,  they  hnve  a  similar  vertical  clistributioii ;  the  fonu 
peculiar  to  the  top  beds  of  the  Mudstones  being  also  strictly  om- 
finod  to  the  highest  bands  of  the  Scotch  deposiL  Now  thwe  BiA- 
hill  Shales  are  said  by  the  offioera  of  the  Scottish  Survey  la  be 
imbedded  in  strata  of  Upper  Llandeilo  age, 

(c.)  The  same  beds,  with  nearly  all  the  saine  fomils  arran^red  in 
the  same  way,  are  continaed  into  Ireland,  whore  they  emerge  Inmi 
below  a  great  thickness  of  almost  barren  grits,  regarded  by  the 
Irish  Snrvey  as  of  Bala  age  ;  while  the  black  band  ileelf  is  said  lo 
belong  to  the  Llandeilo. 

(fj.)  The  chciracteristto  GmptoIit«s  of  the  Sludstonea  can  be  erf- 
lected  in  abundance  in  the  highly  prolific  beds  of  Pomeroy,  which 
Yielded  to  Portlock  the  magiiifioent  series  of  Irish  fossils  fignred  in 
nis  Keport,  and  which  have  subsequently  been  looked  upon  u 
undoubtedly  of  Bala  age. 

(«.)  The  same  group  of  Graptolites  occurs  in  the  Kiesel  ScLiefer 
of  Thnringia—  a  hand  of  blnck  and  grey  Hbaks  which  plunges  below 
the  great  mass  of  the  HiiJiilo  Silriritin  rwks  of  that  district. 

(/.)  Many  of  the  moat  characteristic  species  (unmixed  with 
earlier  or  later  forms)  swarm  in  the  very  lowest  band  only  of 
Linnarsson's  Upper  Graptolite  Schist  of  Sweden,  which  reposes 
immediately  upon  calcarnous  beds  with  Bala  fossils. 

Thus,  on  the  assumption  that  the  authoritative  correlations  maile 
by  the  Scotch  and  Irish  Surveys  are  correct,  this  especial  group  of 
Graptolites  has  hitherto  been  met  with  only  in  strata  that  (i-) 
underlie  the  chief  mass  of  the  Middle  Silurian,  (ii.)  lie  immediately 
above  the  Bala  limestones,  (iii.)  are  imbedded  in  the  main  Bala 
series,  or  (iv.)  form  a  portion  of  the  Upper  Llandeilo. 

Secondly — (a.)  The  Birkhill  Shales  aforementioned  are  separated 
from  the  true  U])per  Silurian  of  Scotland  (with  Wenlook  fossils)  by 
a  massive  series  of  rocks  (the  Gala  group),  containing  many  Grapto- 
lites,  some  of  which  are  Coniston  Mudstoue  forms,  others  peculiar, 
and  others  common  to  the  Upper  Silurian. 

(b.)  Similar  rocks  floor  the  counties  of  Down,  Lonth,  and  Cavan, 
and  repose  on  the  Mudstona  equivalents  already  noticed.  They 
contain  also  a  similar  mixture  of  Birkhill,  Gala,  and  Upper  Silurian 
GraptoliteH,  but  nowhere  show  any  clear  trace  of  overlying  Upper 
Silurian  strata. 

(c.)  Rocks  of  the  same  nature,  and  of  great  collective  thickness, 
surmount  the  Thuringian  Eiesel  Schiefer,  and  contain  some  of  the 
same  transitional  Graptolites  in  association  with  a  mixed  group  of 
Lower  and  Upper  Silurian  Brachiopoda. 

(d.)  The  lowest  bed  ot  tloe  Tl-gn^  Qini^^^<^  Schtst  of  Sweden, 
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ining  the  cbief  Mudstone  Graptolites,  is  covered  up  by  a  second 
tolitic  schist,  with  transitionsd  forms,  and  that  is  followed  in 
by  a  limestone  containing  a  preponderance  of  Llandovery  fossils. 
)  The  Colonies  and  the  Band  E.  e.  1  (asserted  by  Salter  to  be  of 
dovery  age)  of  Barrande's  Silurian  Basin  of  Bohemia  contain  an 
xture  of  the  Mudstone  Graptolites  with  transitional  and  Upper 
ian  forms;  the  first- named  making  up,  perhaps,  about  one- 
of  the  total  Graptolitic  fauna. 

e  see,  therefore,  that  the  beds  containing  the  typical  Coniston 
stone  fauna  are  followed  in  Ireland,  Scotland,  Germany  and 
len,  by  rocks  containing  many  new  forms,  and  having  a  general 
I  principally  composed  of  an  admixture  of  Lower  and  Upper 
ian  species;  and  that  the  transitional  and  supposed  Upper 
ian  Graptolite- bearing  zone  of  Bohemia,  hitherto  looked  upon  as 
quivalent  of  the  Mudstones,  and  sometimes  instanced  as  proof 
iye  of  the  possibility  of  their  Upper  Silurian  age,  is,  on  the 
•ary,  of  far  more  recent  date. 

lirdly — (a.)  None  of  the  Graptolites  of  the  Mudstones  survive 
the  true  Upper  Silurians  of  the  succeeding  Coniston  Flags.* 
.)  All  the  corresponding  Birkhill  fossils  have  died  out  before  we 
i  the  Upper  Silurians  of  South  Scotland. 

)  Not  one  of  the  Graptolites  yielded  by  the  Kiesel  Schiefer 
Br  of  Thuringia  occurs  in  the  unequivocal  Upper  Silurian  of  the 
ibouring  district  of  Bohemia  (Band  E.  e.  2  of  Barrande). 
.)  None  of  the  Mudstone  Graptolites  are  met  with  in  the 
lock  or  Ludlow  beds  of  Shropshire  and  Hereford, 
le  Upper  Silurian  beds  here  cited  contain  Graptolites  in  great 
dance,  so  that  the  absence  of  the  Mudstone  forms  cannot  be 
lined  away  by  reference  to  non -suitability  of  habitat  or  the  like ; 
3  it  must  be  recollected  that  the  Graptolitic  faunas  of  these  widely 
:ated  Upper  Silurians  are  practically  identical.  Hence  on  any 
it  is  evident  that  the  period  of  time  which  intervened  between 
lose  of  the  typical  Mudstone  epoch  and  the  commencement  of 
of  the  true  Upper  Silurian  was  sufficiently  lengthy  to  admit  of 
gradual  dying  out  of  all  the  Mudstone  Graptolites  and  the  con- 
oraneous  evolution  of  their  Upper  Silurian  successors.  If  this  be 
the  chief  break  in  the  Lake  District  is  not  between  the  Lime- 
ys and  the  Mudstones,  but  between  the  latter  and  the  Coniston 
8.  In  Westmorland  we  may  form  some  little  idea  of  its  mag- 
le  by  the  marvellous  change  it  wrought  upon  the  Graptolites ; 
n  Scotland  and  Germany  by  the  thick  and  far-spreading  masses 
ose  Middle  Silurian  rocks,  of  which  we  have  little  or  no  trace  in 
jake-district  itself. 

lat  the  Coniston  Mudstones  are  not  of  Bala  age  is  tolerably 
from  their  position  with  reference  to  the  Coniston  Limestones ; 
if  Mr.  Aveline  is  right  in  his  opinion  that  there  is  a  slight 
leal  break  between  the  two  groups,  this  may  be  regarded  as 
nstrated.  Again,  that  they  are  not  of  Upper  Silurian  age  is 
d  beyond  doubt  by  the  complete  absence  within  them  of  Upper 

1  With  one  exception,  if.  Hmngeri^Cttrt. 
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SQoriaii  Gnp(o)ite8 ;  and,  fioallj',  the  fact  that  their  eqaivalent*  m 
ereiywhere  separated  frooi  the  equivalents  of  the  Wf-nlock  Itticki 
hg  tLe  nuiD  maes  of  the  Middle  Siltiriao,  leaves  iis  no  choict'  but  to 
■Bsign  tbem  to  the  Lower  LloudoTciy.  Charles  Lapwobtu. 

"     S>pt.  «(A, 


8ECTI0S  OF  BOrLDER.CL.\Y,  NOBTH  DOCKS,  IJVERPOOL. 
SiB.^Tbe  flections  described  br  Mr.  Uackintosli  in  the  &eptemb«t 
Number  of  tlio  GeouiorctL  Mag^zise  are,  as  be  Bays,  well  vortby 
pf  stndj-.  They  were  visited  by  the  Liverpool  Geological  Society  in 
.  Jtme  l&st :  at  tLat  time  tlie  aection  showing  the  Lower  Bouider^oLi; 
of  Mr.  Mackintosh  was  well  developed.  It  was  eimplj?  a  olay  Qoo- 
taining  more  stones  and  of  a  harder  nataro  than  usual,  sopitrattd 
from  the  clay  above,  which  is  more  plafelic  and  free  from  stones  ihan 
is  generally  the  cose,  by  a  seam  of  sand  and  gravel.  Several  of  dur 
membere  were  rejoiced  at  having  at  last  diBoovered  that  for  whitJi 
tiioy  had  previously  for  years  searched  the  neighbonriioud  in  vain, 
Tia.  the  veritable  Lower  Buulder-clay.  1  ventured  to  donbt  if  the 
section  before  us  waa  sufficient  evidence  to  support  the  tripartite 
division  of  the  Boolder'clay  now  in  fashion ;  and  T  expressed  tlie 
optuion  that  the  distinction  would  not  be  mnintMined  over  nj 
congiderablo  area,  and  that  the  lower  clay  was  simply  n  local  varii- 
tion  of  the  upper ;  in  fact,  that  tlie  deposit  was  one  and  the  same. 
1'^  short  time  since  I  again  visited  tfae  Docks,  this  time  in  oompaaf 
'with  Mr.  Bristow,  Mr.  Aveline,  and  Mr.  De  Ranee.  The  latter 
gentleman,  who  is  well  scquainled  with  the  escavntions,  was  desirous 
of  showiDg  us  a  section  of  some  curiously  contorted  gravfls,  and 
took  us  to  the  eiact  site  of  the  iireviwis  Lower  llonlder-olay  settion, 
but — though  certainly  not  to  my  aalouishment— both  contorted 
gravels  and  Lower  Uoulder.claj  had  disappeared.  Tlie  fact  is,  the 
beds  are  thrown  about  so  irregularly  that  there  is  no  dci^endeuM  to 
be  placed  on  their  coiitiiiuily.  A  few  yards  mure  or  less  of  excavation 
changes  their  character  so,  that  what  before  appeared  separate  aud 
distinct  beds  shade  into  one  another  by  imperceptible  gradations. 
thin  out,  or,  as  not  uncommonly  happens  with  beds  of  sand  or 
gravel,  stop  short  off  with  a  square  eud.  My  friend  Mr.  Da  Itance, 
if  my  memory  serves  me,  also  expressed  the  opinion  that  there  was 
BO  Lower  Boulder-clay  in  the  dock.  So  far  as  the  Boulder-claj 
deposits  about  here  affect  the  question,  1  have  arrived  at  the  matnre 
conviction,  after  long  study,  that  between  the  red  sand  or  rock  on 
which  they  rest  and  the  surface  they  are  an  unbroken  aeries  of 
marine  deposits,  laid  down  during  the  subsidence  of  the -land  and 
its  subsequent  re-elevation,  and  that  for  an  explanation  of  the  curions 
manner  in  which  they  are  bedded  we  must  look  to  the  varying 
dii-ections  of  the  tidal  currents  as  affected  by  the  degree  of  sub- 
mergence at  the  time,  and  the  contours  of  the  then  land. 

4,  South  John  Stueet,  Livsbfool,  Sipl.  \2tA.        T.   MbiXABD  BeU)K. 


EEBATUM.— In  Mr.  Bosmbt's  lerter,  p.377,  linee  30,  31,  from  top  of  fge.bn 
"  therefore  it  is  lo  be  applied,"  read  "  it  is  not  therefore  to  be  applied. 

Br.  Oldhah  bega  us  to  delete,  at  p.  384,  the  letters  C.B.  after  his  nune.  V« 
apologize  for  the  enoi.  Eon.  Geol.  Uao. 
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-Om  thx  Ookdwaka  Series  of  India,  as  a  Pbobable  Bepbesek- 

TATIVE  or  THE  JuBO-TbIASSIO  EpOOH  IN  EUBOPS. 

By  Ottokab  Fbistmaktel,  M.D., 
Geological  Suryey  of  India. 

INCE  Sir  Charles  Bunbury  described  the  Flora  of  Nagpur,^ 
drawing  the  most  rational  conclusions,  and  since  Messrs.  Old- 
tn  and  Morris  illustrated  a  portion  of  the  Flora  of  the  Bajmahal 
ties  in  the  Bajmahal  Hills,^  nothing  of  importance  has  come  before 
i  public  regarding  the  Flora  of  the  Indian  Plant-bearing  Series, 
hough  the  then  abundant  material  has  subsequently  been  con- 
lerably  increased  through  the  exertion  of  the  oflBicers  of  the  G^lo- 
^  Survey  of  India,  who  have  also  done  much  to  explain  the  geo- 
pcal  relations  of  the  whole  Series. 

From  them  we  learn'  that  portions  of  this  great  system,  either 
larger  basins  or  in  smaller  patches,  extend  generally  from  the 
kjmahal  Hills  in  the  east  through  Centred  India  into  Eachh  in 
3  west.  Also  from  this  general  direction  southwards  through  tlie 
>davari  District,  as  fax  as  the  neighbourhood  of  Madras;  being 
ind  again  on  the  south-east  coast  from  Madras  to  Orissa.^ 
The  former  name  of  the  beds,  i.e.  "  Plant-bearing  Series,"  is  no 
iger  accurately  appropriate ;  for  the  association  of  a  portion  of  the 
jks  with  animal  organisms  is  proved.*  I  therefore  adopt  the  more 
jent  ndme  of  "  Gondwana  Series,"  proposed  by  Mr.  H.  B.  Medli- 
tt,*  for  these  rocks,  as  it  contains  no  presumptive  indication  of  the 
tsil  remains,  and  conveys  an  idea  of  collectiveness — all  the  strata, 
fact,  belonging  to  one  great  Mesozoic  epoch. 
Dr.  Oldham  has  given  us  a  paper  on  the  probable  age  of  some  of 
386  beds  ;''  but  when  he  wrote  it,  only  the  Flora  of  the  Bajmahal 
lis  had  been  closely  examined,  and  the  lists  of  the  fossils  from 

^  Quarterly  Joam.  Geol.  Sec,  vol.  xvii,  pp.  325-346,  pi.  riii  -xii. 

'  Palseontolo^a  Indica,  1862,  vi.  fascic,  xxxv.  plates^  62  pages. 

^  See  the  different  yolumes  of   the  Memoirs  and  Kecords  of  the  G^logical 

irey  of  India. 

^  I  nave  indicated  it  a  little  nearer  in  Rec.  Geol.  Surv.  of  India,  vol.  ix.  No.  2. 

^  The  Kaehh  Beds  with  marine  and  terrestrial  animals,  the  JabalpCir  Group  with 

restrial,  also  the  Eota  and  Mal^ri  Beds ;  the  Sripermatur  Group  with  plants  and 

jine  fossils,  and  the  Panchet  Group  with  pretty  frequent  terrestrial  fossOs. 

^  Proposed  some  years  ago. 

'  Mem.  Geol  Surv.  of  India,  vol.  ill. 
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other  places  were  only  npproiimate.  Tliey  have  been,  bowever,  le- 
produoed  in  the  eame  sense  more  recently  by  Mr.  H.  F.  Blanford.' 

Previously  to  this,  the  animal  remains  in  the  Panohet  Group  ven 
worked  out,  and  declared  as  probably  TriasBic,  by  Professor  Huilqr,' 
and  Dr.  Oldham  had  described  certain  species  of  Ceratodw  from  Mm* 
of  these  rocka  as  most  probably  Liasaic' 

Later  still  Dr.  Wangen  worked  ont  the  Cephalopoda  of  Kachl^' 
almost  the  only  place  where  distinct  marine  fossils  occurred  abob 
dantly  in  beds  which  also  contaiu  plants. 

But  the  greater  number  of  the  Gondwana  plants,  generally  speik- 
ing  the  prevailing  fossils,  remained  undescrihed  and  unexamined. 

Owing,  as  it  appears  to  me,  t«  one  or  the  other  of  the  mort 
common  genera  having  been  studied  first,  a  wroug  compariMnmi 
instituted  between  one  part  of  our  Gondwana  Serioa  and  tb 
Australian  Coal-measures,  and  hence  the  inference  was  inaJequatelj 
drawn'  that  this  Indian  Series  was  also  of  Paiieozoic  age.  I  liope 
DOW  to  place  this  matter  in  a  better  light  after  a  ye&r  and  a  iioli't 
fltiidy  of  these  fossih,' 

The  Gondwana  Series  ia  separated  into  two  portions:—!.  Uppei 
or  newer  portion.     2.  Lower  or  older  portion. 

1.  The  upper  portion  comprises  that  which  Dr.  Oldham  fonnerlj 

denominated  the  Bajmahol  Group,'  but  which  the -exam ination  of  tlu 

I   Ibssila  has  proved  to  contain  at  least  two  different  groups.     Of  thut 

r  one  may  be  called  the  Rajmahal  Series ;    and  the  other,  which  ii 

newer,  may  be  mimed  the  Knchh  Series. 

True  Eajnmhal  beds  occur  in  the  Hnjraalial  Hills,'  near  AtguA 
(Cuttack),'  and  in  the  Godavari  District  near  Golapili '"  (Ellote). 

The  Kachh  Series  comprises  the  Kachh  plant-beds,  with  marine  sad 
terrestrial  animal  fossils,  and  the  Jabalpur  Group,  beginning  in  Sondi 
Bewah,  passing  Jabalpur,  and  spreading  out  into  the  Satpura  BtUL 
This  latter  contains  both  planis  and  ten-estrial  animals.  Besides  lb 
above,  the  upper  beds  would  also  include  the  Sripemiatur  Gronp 
near  Madras"  (Mr.  Foote),  and  Eajavapuram  (Mr.  King),"  nhidi 
contains  plants  and  marine  animals,  and  is  most  likely  intermwliite. 
but  nest  to  the  Knjmahal  Series  ;  also  the  small  patch  near  TapaiM- 
piUy  Cotta  (Coconada)  with  marine  fossils,  which  represents  ibe 
upper  beds  in  Kachb.    Lastly  the  Kota  and  Malcri  beds,  which  lately 

■  Quart.  Jonra.  Geol.  6m.  1875,  pp.  fi13~612. 

•  ?alitontol.  ladioa,  IHCfi  (1,  1). 
'  Mem.  Geol.  Sutt.  India,  vol.  i, 
'  Palffontol.  Indies,  1873-75. 

>  Dr.  Oldhnm,  Mem.  Gool.  8nrT,  India,  rol.  ii.;  H.  F.  Blanfnrd,  Qiuut.  Jens. 
Geol.  Soc,  187S  ;  W.  T.  Blaniord,  Ree.  (J*ol.  Snrt.  Indiu,  vol.  ii.  Xo.  S. 

'  See  ray  notei  in  Jahrb.  d.  Ick.  geol,  EaichMWt.  Wien,  187(5,  and  in  R«c.  GmL 
Butt.  India,  vol.  ii.  Nob.  2  and  3. 

^  Uem.  Gtol.  Surr,  India,  vol.  ii. 

'  Oliibam  and  Morris,  I'd.  Indies,  1882;  Feiatmaotel,  Rec.  Geol.  Sott.  Iidk 
vol.  ii.  Mo.  2. 

•  FoseU  plant*  bronelil  by  Mr.  Ball  tbia  year  (1876). 

i°  Fo»iil  plnute  collected  by  Mr.  King— mentioned  by  me  in  Ree.  G«al.  Snri,  Imlil. 
TOl.iit.Nn   2. 
"  Mr.  Foote,  Mem,  Geol.  Suit.  luilin,  vol.  i.  p,  IDO.    Fouits  ■«ot  by  him. 
>*  Fouila  collected  aniL  eunt  ^i  'M.t .  '&in%. 
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ave  been  found  identical,^  and  which  oontain  abundant  remains  of 
exTestrial  animala,  ought  also  to  be  placed  here. 

2.  'The  lower  portion  of  the  Qondwana  Series  coutains : 

a.  The  Panchet  Group,  as  it  is  best  known,  in  the  Baniganj  field,' 
Nrith  its  flora '  and  terrestrial  fauna.^ 

h.  The  Damnda  Series,  stratigraphically  separated  again  in  three 
labdivisions  (Eamthi  or  Baniganj  Group — Iron  Shales — and  Bara- 
cnr  Group),  which,  however,  palaaontologically  cannot  be  distin- 
^ished,^  as  the  same  fossils  are  found  in  them  throughout 

The  Damuda  Series  is  the  most  largely  developed  in  Peninsular 
[ndia,  and  has  only  been  found  in  one  place  in  the  Himalayan  region 
(in  Sikkim). 

We  find  these  rocks  in  the  B^'mahal  Hills  (west  side),  in  the 
Baniganj  (or  Burdwan)  Coal-field,  in  the  Eurhurbari,  Deoghur, 
3ta,  Coal-fields ;  near  Cuttack  (Orissa),  in  the  Satpura  Basin,  Ner- 
badda  Valley,  in  the  Nagpur  District,  in  the  Chanda  District  (Wur- 
iba  Coal-field),  and  through  the  whole  Godavari  District.  This 
3eries  is  marked  by  a  Flora  only,  which  I  could  very  easily  identify 
with  an  European  one. 

c.  The  Talchir  Group  of  the  Survey  classification  I  consider  not 
far  distant  from  the  Lower  Damuda  beds,'  which  they  generally 
accompany. 

I.  FoBSxl  Bematns  of  the  Upper  Portion  of  the  Gondwana  Series, 

While  the  Jabalpur  Group  contains  a  Flora,  only  lately  found 
associated  with  some  terrestrial  animal  fossils,^  the  Flora  of  Eachh 
occurs  to  a  great  extent  in  the  highest  marine  fossil-bearing  beds, 
also  partly  in  a  lower  horizon^  (near  Nurha) ;  but  in  all  these  three 
districts,  in  the  Jabalpur  Group,  in  the  upper  and  lower  horizon  in 
Eachh,  the  Flora  (and  the  terrestrial  animal  fossils)  correspond  so 
closely  that  I  could  not  make  any  distinction  in  their  age. 
•  a.  The  lowest  beds  in  Eachh  abound  in  Cephalopoda  and  other 
Molluscs,  generally  speaking,  of  Middle  Jurassic  age.  The  Cephalo- 
poda have  been  already  described  by  Dr.  Waagen,  the  other  Mol- 
luscs yet  await  examination  and  description. 

Amongst  these  Middle  Jurassic  Marine  beds  of  Nurha,*  the  Flora 
of  Eachh  appeared  first,  and  is  represented  by  the  following  species ; 
Aleihopteris  Whitbyensis,  Gopp. ;  Sphenopteris  arguta^  L.  &  H. ; 
Otozamites  contiguus,  Fstm. ;  and  Araucarites  Eachensis,  Fstm. 
(near  Araucar,  Fhillipsiy  Garr.). 

So  far  the  age  of  the  Flora  is  established  ;  but  it  continued  to  live 
possessing  the  same  character,  while  younger  animal  forms  appeared. 

T.  W.  Hughes,  Rec.  Geol.  Surv.  India,  vol.  ix.  No.  3,  p.  86. 

W.  T.  Blanford,  Mem.  Geol.  Surv.  Indiu,  vol.  iii. 

Feistmantel,  Rec.  Geol.  Surv.  India,  vol.  ix.  No.  3,  pp.  65-67. 

Huxley,  Pal.  Indica,  1865  (4,  1). 

Rec.  Geol.  Surv.  India,  vol.  ix.  No.  3,  p.  68. 

Ibid.  vol.  ix.  No.  3,  pp.  77-79 

Hughes,  Rec.  Geol.  Surv  India,  vol.  ix.  No.  3. 

Wynne,  Greology  of  Kachh,  Mem.  Geol.  Surv.  India,  voL  ix.pt.  1. 

North-west  of  Aachh. 
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The  Flora  io  tbis  higlier  hoiizou  became  also  more  namcrons.   I 
have  determined  and  described  about  "6  specie^,  amongst  which  tLt 
most  important  are :    Oleandriilium  vittatum,  Sobimp.  (Bgt.):  Al^^ 
plertK  WhitbifenBit,  Giipp, ;  tachypUris  apecifica,  Fstm, ;  Aetinopleni- 
like  forma;  Ptilophyllun  Cutefiflnw,  MoiT..aud  vatietioB;  i*.  (KiNh/oA's". 
Uorr.;  Olotamileg,  oomp.  GeldiiEt,  BgL  ;  WilliamBonia  Blan/vrdi,  Fstm.;    I 
Palistya  indica,  Fstm. ;  Fachyphyllvm  divarioalvm,  Buob-  sp.;  Sekm-    I 
ttrvbiu  eapantu*.  Sobimp.;  and  scales  of  ^r<iufan'tM  KachautM,  Fstm.    ! 
(very  closely  allied  to-i.  PhilUpii,  Carr.).  i 

We  find  bero,  tberefore,  species,  whiob  I  mentioned  oieo  from  Um 
lower  horiBon  at  Nurlia.  ! 

Tbe  geuus  Plilopht/lliim,  Morr,  (Fa/isoiami'a,.  Endl,),  prevmls,  » 
geuus  altogether  au  Indian  type,  and  common  to  both  ^OHps  or  tbe 
nplier  portion  of  the  Qondwana  Series,  wbicb  only  shows  that  thc'V 
both  belong  to  the  same  epoch. 

EcliiaoBlrobm  eajpansus,  Scbimp,,  tbe  English  Lower  Oolitic  sped* 
ftnd  scales  of  ArnucarilM,  are  also  pretty  freqnent.  ! 

I'lie  Flora  exhibits  therefore  altogether  a  middle  Jurassic  chnraottr. 
In  addition  to  other  maiine  fossilx  from  tbe  upper  portion  of  tlw  | 
beds  of  Kachh.  these  rocks  have  furnished  also  a  vertebra  of  Para-  , 
luchui,  wbicb  is  so  frequeut  in  tbe  Moleri  and  Kuta  beds,  and  i 
front  portion  of  a  lower  jaw  of  a  J'lesioiaariu,  having'  tiie  motl 
affinity  witb  Liassio  forma:  (similar  indioations  of  age  occur  ia  the 
'JTabalpur  Qroup — see  further  on). 

b.  Tbe  Jiibalpur  Group  in  Soutb  fiswab,  Jabalpur,  and  Satpom 
Basin,  conlaiiia  only  Flora,  without  association  of  marine  forms ;  bill 
I  cannot  help  stating  thai  I  recognized  among  tbe  Flcia,  wbioli  I  Lave 
just  prepared  for  publication  in  the  Bee  Gieol.  Surv.  India,  vol.  ix.No. 4. 
a  good  many  species  identical  not  only  with  those  in  Torkshire,  bat 
also  several  common  with  those  in  the  Eachh  beds,  from  which  I  infer 
that  all  these  beds  are  of  tbe  same  age.  About  the  Jabalpur  Flora 
nothing  lias  as  yet  been  publiiibed,  nor  shall  I  enumerate  it  here,  bat 
only  state  that,  among  about  26  species,  10  are  identical  with  species 
from  the  English  Oolite,  while  one  species  is  Liassic,  and  all  the 
others  are  of  Jurassic  type. 

There  is  therefore  an  Oolitic  Flora  in  these  Eachh -Jabalpur  beds,  in 
Eachh  associated  witb  animals  partly  of  younger  age;  while  no  mch 
association  is  found  in  tbe  Jabalpur  Group,  which,  on  the  contrary, 
has  been  lately  found  by  Messrs.  King  and  Hughes  in  tbe  Wurdli* 
Coal-field  associated  with  terrestrial  animals,  indicating  in  Europe 
getieinlly  Eeuper  or  Lias,  and  here  also  considered  to  be  of  Liassic 
age. 

In  my  descriptions  I  take  these  beds  as  of  Oolitic  age.  Represen- 
tatives of  tbo  upper  beds  of  Kachh  are  found  also  on  the  Boath-east 
coast  of  India,  near  Coconaila  (Mr.  King's  Trigouia  bed),  and  there 
is  perhaps  an  analogy  with  the  upper  portion  of  the  Uitenbage  for- 
mation in  Africa,'  which  contains  some  similar  forms  of  Trtgtnda, 
formerly  reported  as  Cretaceous  by  Krauss,  but  afterwards  proved  to 
■  Tat«.  Geology  of  Soutli  Africa,  QustL  Joom.  Geo).  Soc.  18S7,  vol.  xiiit.  p.  1J9  S. 
Jste,  Oil  tjbarpe  tiefote,  pto^w  1b«A  Uua  ^aa^  ii  ot  the  *g«  of  tbe  Onat  Osfite. 
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9  of  the  age  of  the  Great  Oolite  by  Sharpe  and  Tate,  from  which  we 
lay  again  draw  oonclasions  regarding  oar  Eaohh  beds  oontalning 
eiy  closely  allied  fossils. 

Dr.  Waagen,  on  the  other  side,  proves  also  an  identity  of  several 
secies  in  these  upper  Eachh  beds  with  European  Triassio  ^  forms. 

This  is  also  again  repeated  by  W.  T.  Blanford.'  Forms  related 
>  some  of  the  plants  in  the  Each  beds  are  found  too  in  Dhagestan 
ad  in  Eussia  (Ekaterinoslaw),  by  which  the  connexion  of  the  Flora 
ith  that  of  Europe  seems  to  be  still  more  established. 

c.  The  Bajmahal  Series  were  first  and  best  known  from  the 
lajmahal  Hills,'  where  a  typical  and  very  well  marked  Flora  is  the 
nly  record  of  forrater  organic  life. 

A  luxurious  growth  of  large  Cycadeous  plants,  as  PterophyUum, 
)fe<idii€8,  such  as  we  find  generally  only  in  Liassic  deposits,  covered 
le  area ;  while  the  Indian  type,  Ptilopkyllum,  Morr.  (Pcdaozamia, 
!ndl.),  already  began  to  live  here,  was  very  abimdant,  and  survived 
11  the  time  when  the  Jabalpur  Group  and  Eachh  beds  were  depo- 
sed. We  have  therefore  with  this  a  genus  and  two  species  from  the 
Lder  Bajmahal  Series  equivalent  to  the  newer  Eachh  Series.  The 
'ems,  too,  were  rather  abundant,  and  indicate  distinctly  a  connexion 
dth  the  European  Rhadtic  and  Liassic  time,  supported  especially  by 
)me  Alethopterides,  and  most  frequently  large  Tceniopteria-le&Yes 
Macrot,  lata,  Morrisi,  etc.),  and  others,  which  indicate  a  distinct 
liassic  character.  This  is  further  established  by  some  species  of 
Hozamites,  particularly  0.  Bengalensis,  Schimp.,  very  near  to  0. 
revi/oliuSf  Braun,  by  some  Coniferce,  by  an  Equisetum  (E.  Bajma- 
alense,  0.  M.,  sp.  Schimp.),  which  by  Schimper*  is  considered  as 
mnected  with  Ehsetic  forms,  and  by  Schenk  *  as  a  Liassic  represen- 
itive.  The  Flora  of  Atgurh  •  contains  only  Rajmahal  Ferns,  and 
lat  of  Golapili,'  Godavari  district,  agrees  completely  with  the  plants 
f  the  Rajmahal  Hills. 

The  Rajmahal  Series  were  therefore  principally  deposited  in  the 
^jmahal  Hills  and  along  what  is  now  the  south-east  coast  of  India. 

As  a  peculiar  fossil  plant  of  these  Rajmahal  Series  may  be 
lentioned  what  Prof.  Morris  describes  as  Dictyopteris  falcata,  var. 
btusa ;  but  which  Dr.  Oldham  had  previously  supposed  to  be  a 
amta,  proposing  the  generic  name  Dictyozamites  for  it  This  is  now 
ideed  proved,  and  I  have  described  this  fossil  as  Dictyozamites 
idicuSf  Fstm.,  taking  both  varieties  as  the  same.^ 

There  seems  to  be  also  a  slight  analogy  between  our  Rajmahal 
eries  and  the  lower  portion  of  Tate's  Uitenhage  formation  of  South 
frica,  just  below  the  Trigonia  bed  there. 

d.  The  Sripermatur  Group  of  Mr.  Foote,  of  equal  age  with  the 

>  Palieont.  Indica:  Cepalopoda  of  Kacbh,  1873-76. 

>  Records  Geol.  Sunr.  India,  vol.  ix.  No.  3. 
s  Oldham  and  Morris,  Pal.  Indica,  1862. 

*  Pal.  v6get.  vol.  i.  p.  276 ;  vol.  iii.  p.  662. 

^  Flora  der  Greuzscoichten,  1867,  pp.  15,  20. 

*  OjHj  lately  brought  by  Mr.  Ball,  therefore  not  yet  publlBhed;  also  not  to 
3  mentioned  here. 

"*  Feistmantel,  Bee.  Geol  Burr,  India,  toI.  ix.  ^o.  ^. 
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bi'ils  of  TtAJftvapuram.  soeiuH  lo  me  an  intermediate  formation  b«twein 
tUe  Kaclih  and  Ibe  Rajmahol  Series.  They  are  not  Bufficieutlj  ei- 
amined  as  yet  to  epeak  with  certainty  on  this  painL 

In  considering  the  upper  portion  of  the  Gktndwana  Series  we  h>n 
the  following  list  of  groups  and  their  relations  : 


Uu  Pcnin^oU 

Ql  India. 

WstAiln, 

Eu^p.. 

l.Jgbalpdiiind 
Eachh  Gronp.. 

Beda  neu-  Co- 
cunsda. 

(riante). 

Hawis,      Ger- 

K.r.: 

of  Mr,  Eiug.) 

iaini8li[OoUM) 

b»d). 

SripBrmiitur 
Ornnp,     near 
Madnu     end 
anjiyttputam 
(Ptatt,      ani- 

DUd.J. 

a.  lUimahil 

Alnrb.   Oola- 

North  Fenia 

Alp«,  Funfkir- 

ttamt  p«- 

pili  (Plant.). 

(llfltt!.). 

Ch«n,  Burnt, 

only  (LU.). 

Whitby  P 
CPisaU), 

issa 

^     From  thie  we  may  deduoe: 

1.  A  conaeiiim  uf  the  mBiine  beds  ai  tlie  EacLh  3erii«  vith  the  npper  pottiaii  ol 
the  Uitenbuge  formiitiun  in  Africa,  and  with  Eurojisuu  OuUtes  at  the  Biime  gvuloguil 
■IB,  and  I 

2.  A  connsiion  of  th«  plant  beds  of  tho  JabidpOr  Qronp  and  Eacbh,  throngt     I 
QhageBtan,  Susaia,  with  Europo,  and  on  lo  Torluhire  at  the  uune  opoch.  j 

3.  A  oonneiinn  of  the  Kajmahal  Series  in  the  Kajmahal  Bills,  paaine;  Alpt^     | 
irith  Golapili.  also  through  Noith  Persia  nith  the  lioiisl.  Fiinikirthea,  and  the  .Up 
on  tho  north,  and  perhaps  vrith  the  loitpr  portion  of  the  Cilenhoge  ionnalioii  it 
South  Africa. 

4.  That  there  «is  do  conneiion  at  this  time  with  tha  Anitralian  region. 

11.  Foaiilg  of  the  Lower  Portion  of  the  Gondwantu. 
To  understand  the  age  and  relations  of  tlio  lower  part  of  tlie 
Gondwana  rocks,  we  have  again  two  groups  to  oousider,  known  W 
Indian  Geologists  as  tho  Panchet  and  the  Damuda  beds.  From  a 
palicontological  point  of  view  I  consider  both  of  them  as  of  one 
epoch,  and  would  incltide  with  the  Iatt«r  the  Talchir  Group,  u  of 
the  same  or  nearly  the  same  ^e. 

a.   FOSSILB  OF  THE  PaHOHET  GbODF. 

Tho  vertebrate  fossils  have  been  described  by  Professor  Hnxley,' 
and  on  account  of  these  the  Panchet  Group  has  been  oonaidered  u 
]>rolmbly  Triassic'  The  remains  are  principally  Dieynodon  oruntatii, 
Huxl.  (portion  of  a  skull,  tusks,  vertebral  eztremitiea  are  known), 
and  Qonioglyplus  longirostrit,  HuxL  (portion  of  a  skull,  dennal  plita, 
etc). 


'   PalBBont.  Indica   1866  (i,  1). 
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These  fossils  resemble  very  closely  those  Beptilian  remains  which 
Mr.  F.  Braiin  figured,  1846/  from  the  Upper  Trias»  near  Bajreuth, 
Bavaria. 

The  plant  remains  establish  the  Triassic  affinity  still  farther,  a 
prevaleQt  species  of  Sehizoneura  (ScMzon,  Gondwanenna,  Fstm.) 
being  identical  with  that  very  abundant  in  the  Damuda  Series,  and 
the  best  representative  of  the  Trias,  a  Taniopteris  (near  to  Taniont. 
Bienoneura,  Schenk),  rather  common  Pecopteri&  eoncinna,  Presl.,  and 
Cydopieris  paehyrhaehis,  Gupp.,  all  being  species  found  in  Europe 
in  the  Upper  Trias ;  so  that  I  have  attributed  the  Panchet  Group  to 
the  age  of  the  Eeuper. 

There  are  perhaps  similar  Beptilian  remains  in  South  Africa,  esta- 
blishing thus  a  connexion  of  the  Fanchets  with  the  South  African 
rocks. 

From  this  it  follows : 

1.  That  the  Panchet  Group  shows  the  closest  connexion  with  Europe,  both  by  its 
pbiBtB  and  other  fossils — although  it  is  not  impossible  that  similar  Beptilian  animals 
liyed  a  little  earlier  in  South  iSrica  and  oame  from  there  over  to  Europe  and  India. 

2.  No  connexion  with  Australia. 

h.  Fossils  or  the  Damuda  Qboup. 

In  this  group  plants  only  have  been  hitherto  found,  without  any 
trace  of  a  terrestrial  or  of  a  marine  Fauna. 

From  the  occurrence  of  the  genus  Glossopterisy  Bgt,  in  these  beds, 
they  have  been  for  a  time  brought  into  connexion  with  the  Austra- 
lian Ciial-measures,  and  declared,  without  any  further  proof,  as 
probably  PalsBOzoic,'  although  the  frequent  presence  of  the  Triassic 
genus  Schizoneuray  Schimp.,  has  been  noticed,'  and  also  other  plants, 
the  only  fossils  in  these  beds  that  have  been  discovered,  which 
evidently  claimed  Mesozoic  age  for  our  Damudas.^ 

This  supposition  of  their  Palsdozoic  age  will  not,  however,  explain 
the  occurrence  of  the  other  and  very  frequent  genera  of  Damuda 
plants,  which  do  not  occur  in  Australia  at  all,  but  have  instead  repre- 
sentatives in  Europe,  nor  will  it  agree  with  the  total  absence  in  the 
Damudas  of  the  animals  which  are  said  to  be  associated  with  Glos^ 
sopteria,  Bgt,  in  Australia. 

Sir  Charles  Bunbury  says,  page  345,  in  his  "Nagpur  Flora"  (I.e.), 
referring  to  Dr.  Oldham's  paper  (Mem.  Geol.  Surv.  Ind.,  I.e.) :  "  Prof. 
Oldham  is  of  opinion  that  the  Kajmabal  beds  are  Mesozoic  and  pro- 
bably Jurassic ;  the  Damuda  beds  PalsBOzoic.  On  this  latter  point 
I  am  not  entirely  prepared  to  go  along  with  him*    I  still  think,  for 

*  Yeneichniss  der  zu  Bayreuth  befindlichen  Petrefakte,  1840,  p.  79,  pi.  riii.  and 
folL 

»  Dr.  Oldham,  Mem.  Geol.  Surv.  Ind.  vol.  ii. ;  H.  F.  pianford.  Quart.  Joum. 
Geol-Soc.  1876;  W.  T.  Blanford,  Rec.  Geol.  Sury.  India,  vol.  ix.  JNo.  3. 

*  Dr.  Oldham,  l.c.,  pp.  327,  330. 

*  In  1871  Dr.  Stoliczka  brought  some  specimens  from  the  Eurhurbari  Coal-field, 
among  them  SagenopterUj  Oanyamopterit  (or  CficlopUvit  of  that  time),  and  three 
specimens  of  VoUtia  h0terophyUaf  Bgt.    In  1873  Mr.  Hughes  brought  from  the  Rani- 

rmj  Coal-field  some  specimens,  among  these  a  Fern  of  the  genus  Aetinoplirit,  which 
dMcribed  as  A.  BtngdUniU^  Fstm. 
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the  reasons  already  given,  that  the  facies  of  this  Nagpur  and  Bntd- 
wan  Flora  is  rather  Mcsozoic." 

Dr.  Oldham  himself,  as  1  said,  has  also  recognized  tliat  the  genni 
Schhoneiira  would  suggest  a  Triassic  age,  but  considered  it  not  wf- 
fioient  to  establish  the  fact,  which  1  think  1  can  prcire  satisfactnriljr. 

Sir  C.  Bunbiiry  (I.e.)  on  the  eame  page  says  further  ;  "  The  psheo- 
botanical  evidence  is  far  from  unequivocal,  and,  Hucb  as  it  is,  might 
bo  outweighed  by  the  discovery  of  a  single  well-marktd  and 
thoroughly  '  charaoteriatio  fish,  shell  or  coral."  Bat  none  of  the« 
have  been  as  yet  found.  On  the  contrary,  many  more  plant  remain! 
have  been  discovered,  which  prove  further  Sir  Oh.  Bunbuty's  gonenl 
view  of  their  Meeozoio  age,  and  particularly  claim  for  our  Damnda 
Series  a  lower  Triassic  age. 

Not  a  single  Carbonifarous  plant  has  been  found,  not  anyAing 
which  for  a  moment  justifies  the  supposition  of  the  Carboniferoni 
age  (in  the  true  sense)  of  this  series;' Ibis  fact  and  also  the  Flora 
proves  that  there  ie  no  sudden  hreak  between  tha  lower  and  upper 
group  of  the  Gondwana  Series,  as  from  what  has  been  pt6\-ioiUi]y 
written  ono  might  be  led  to  suppose. 

The  only  relation  with  the  Australian  Lower  Coal-measures  is 
through  Glotioplerig,  Bgt.,  for  which  I  will  offor  an  explanation 
further  on ;  while  I  do  not  know  any  real  Phyilotheea,  Bgt.,  froni 
this  portion,  only  from  the  Upper  Coal-measures  above  the  Fanna.         ^ 

The  Damuda  Flora  abounds  in  Equisetaceous  plants,  amongst  i 
which  the  Triassic  genus  Schizoncvra,'  Sehimp.  (.S'.  Goni]watten$it, 
Fstm.),  identical  with  the  same  in  the  Fanchet  Group,  moat 
numerously  prevailed,  especially,  it  is  true,  in  the  Banigsnj 
Coal-field,  but  known  also  in  nearly  the  same  abundance  in  the 
Nerbudda  valley  (Upper  Denwa  valley).  It  gives  to  the  whole 
series  a  specially  Triassic  character,  together  with  the  others, 
while  Oloitopteru  is  suhordinata  The  genus  Phylloiheca,  Bgt,  in 
ita  true  form  (as  that  from  the  Italian  Oolite),  is  pretty  frequent, 
but  till  now  known  mostly  only  from  the  neighbourhood  of  Nagpur,' 
and  in  some  specimens  from  the  Raniganj  field ;  *  while  the  other 
specimen,  which  one  generally  designates  PhyUotheca  also,  helongt 
mostly  either  as  stalks  or  stems  t«  Schhoneura,  Sohimp. 

The  true  PhyUotheca,  Bgt,  in  Australia  is  known  mostly  only 
from  the  Newcastle  Coal-field,  above  the  marine  fauna,  and  from 
Mesozoic   rocks,  in'  Victoria,'  together  with  Timiopterit  Daintreei, 

'  Thie  imporiant  word  a  left  out  in  Mr.  H,  F.  Blantori's  paper.  Quart.  JomiL 
Oeol.  Soc,  1876,  p.  626,  while  quoting  ttiis  senMnco  from  Sir  C.  Bimbury. 

»  Ttiere  is  thereforu  no  reason  for  it,  when  Mr.  W.  T.  Blanford,  Rec.  Geol.  Snrr. 
Indin,  vol.  ii.  No.  3,  p.  82,  aajB,  tliat  the  same  Flora,  which  now  should  proTe  Triw, 
justified  the  assigniiiK  of  a  Falsozoic  age  to  the  Damuda  formation  (as  did  Dr. 
Oldham  and  Mr,  II.  F.  Blanford,  I.e.).  The  Flora  waa  from  the  first  beginning  of 
ite  diecoverf  the  same  Triauic  Flora  as  to-daj. 

'  Known  for  a  long  time. 

*  S«e  Sir  Ch.  Bunbury,  Qnart.  Joura.  Geol.  Soc  vol.  ivii.     Also  onr  coUectiMi 
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HKyOj,^  which  also  in  Qaeensland'  is  taken  as  representative  of  the 
Mesozoio  portion  of  the  rocks.  Phyllotheea,  Bgt,  however,  is  best 
developed  in  Europe  in  the  Italian  Oolite,'  oi  which  one  form  has 
all  the  generic  characters ;  and  nothing  of  this  kind  is  known  any- 
where in  Carboniferoas  strata. 

Among  the  Ferns,  if  we  omit  for  the  moment  the  genus  OlossO' 

SlertMf  they  are  thronghout  Mesozoic  forms,  sach  as  MacrotcBniopteris 
^eddenif  Fstm.,  very  near  to  the  IL  lata,  Oldh.,  Morr.,  of  the 
Bajmahal  Flora  ;^  Alethapteris  Lindleyana,  Boyle  (belonging  to  the 
Mesozoic  Group  of  A.  Whitbyensis,  Oopp.,  Schimp.) ;  an  Angio- 
pieridiwn,*  very  near  to  A.  M^Clellandi,  0.  M.,  from  the  Bajmahal 
Series;  SagenoptertB^  Bgt. ;'  Gangamopteris,  M'Coy^  (the  latter  from 
Mesozoic  rocks  in  Victoria).  Of  special  value  and  importance  is 
a  Neuropteris,  with  a  single  pinnate  leaf,  belonging  to  Uie  Triassio 
Group  of  NeuropterxB  of  the  Vosges  (I  described  it  ^  as  Neuropteris 
vtUida,  Fstm.) ;  also  a  typical  Actinopteria^  {A.  Bengaknsia,  Fstm.) 
shows  the  Fern  nature  of  this  fossil. 

Cycadeous  plants  are  not  absent  at  all  ;^^  on  the  contrary.  Sir  C. 
Bunbury's  Noggeraihia  Hislopi  has  its  place  here ;  and  I  determined 
besides  this  another  Ndggerathia  from  the  South  Godavari  District 
as  very  near,  if  not  quite  identical  with  the  Ndggerathia  Vogetiaca, 
Bronn,"and  lately  a  Gloasozamites,  Schimp.,  several  years  since"  in  our 
collections,  which  I  call  at  once  G.  triassicu^,  Fstm. 

The  Coniferae  are  represented  by  Voltzia  heterophylla,  Bgt.;  F. 
acuti/olia,  Bgt. ;  and  Albertia  speciosa,  Schimp.,  of  which  the  latter 
two,  it  is  true,  have  been  discovered  only  last  year,  but  the  former 
has  been  five  years  in  our  collections." 

About  the  Triassic  nature  of  this  Flora  there  can  be  very  little 
doubt,  and  the  occurrence  of  Gloe8opter%»f  Bgt,  cannot  alter  the 
weight  of  evidence. 

In  the  same  manner  as  Pterophyllum  began  in  the  lower  Permian, 
and  has  very  near  relations  in  our  Bajmahal  Hills  (Pteroph,  Cot- 
Ueanum  and  Pteroph,  Carterianum,  Oldh.),  as  Ptilophyllum,  Morr., 
survived  from  the  Bajmahal  Series  to  the  Eachh  Group,  in  the  same 
way  as  Schizoneura,  Schimp.,  survived  from  the  Damudas  to  the 
Panchet  Group ;  and  as  in  the  Salt  range  Bellerophon  passes  from  the 
Carboniferous  into  the  Trias,  so  Gloasopteria,  Bgt,  passed  from  the* 

»  Jbid.  p.  35. 

*  Daintree,  Quart.  Jonni.  Geol.  Soc,  toI.  xxTiii.  p.  288. 
'  Zigno,  Flora  fossilis  form.  Oolithics?. 

*  Some  years  ago  brought  by  Mr.  F.  Fedden. 

^  Sir  G.  Bunbury's  Taniapt.  Danamdea  (?)floc,  eit.  p.  332,  pi.  x.  2 ;  other  specimens 
a  long  time  since  in  ours  and  the  As.  Society's  collections. 
'  Some  specimens  from  Kurhurbari  brought  by  Dr.  Stoliczka,  1871. 
^  Formerly  known  as  Cyelopterit,  Bgt. ;  many  years  in  our  collections. 

*  Rec.  Oeol.  Surv.  India,  toI.  ix.  No.  3,  p.  76. 

*  Described  ibid.,  brought  1873  by  Mr.  Hughes. 

w  Mr.  W.  T.  Blanford,  1876,  Rec.  Geol.  Surv.  India,  toI.  xiii.  No.  3,  p.  82,  is  there- 
fore not  right  in  saying:  *'Cycads  abound  in  the  former,  but  haye  not  hitherto 
been  found  in  the  latter  (Damudas)."    They  were  indeed  known  long  ago ! 

»»  Bronn,  N.  Jahrb.  f.  Min.  Geol.  Pal.,  etc.,  1868,  p.  129,  ff.  pi.  ?i. 

i>  Brought  from  Kurhurbari  Coal-field,  1871,  bv  Dr.  Stoliczka. 

tt  Brought  by  Dr.  Stoliczka  from  Kurhurbari  Coal-field. 
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OarboniferouB  in  Australia  into  higher  beds,  and  becaa 
fomi  in  our  TriaBsic  Damudas. 

I'liesQ  are  all  facta,  Buppurted  and  proved  by  the  fosails  themselvn, 
and  not  based  on  any  apeoulativa  suppositions. 

In  Australia  we  find  Gloasoplerii  in  the  Upper  Coal -measures  iHk, 
■without  any  trace  of  marina  fosaila,  which  prowes  also  the  Burviving 
of  thiB  genus;  hut  except  PHyilothtra,  no  other  of  our  Danitwit 
plants  ia  aBsociated  with  it,  oven  in  this  upper  portion  of  the  Austn- 
lian  Coal-meaaurefl. 

Again,  in  Australia  (here  is  tound  in  the  lower  beds  also  a  genoioe 
Lower  CarbonifevouB  Flora  {Lepi^odendron,  Cyclostiijma,  BhacopUru 
{Sphenopleria),  etc.),  while  nothing  of  this  sort  is  found  in  India. 

It  might  therefore  rather  be  supposed  tliat  there  was  no  conDSZiOfi 
at  that  time  with  Australia,  where  the  beds  wero  already  deitonted 
when  GtoMoplerie  immigrated  into  India  at  a  time  when  this  ooanti; 
was  in  oonuexion  with  the  Triassio  Europe  during  the  deposition  of 
ttie  Damudoa.  Henoe  1  may  aasert,  concerning  the  Daiuuda  beds. 
that  :— 

1.  Thsrs  ia  no  iraot  break  betwuen  both  porCioDS  of  ttio  Gondimiu  Serita— balk 
eontatniDg  ttnae  Telntod  [awiila,  uni  the  rancbet  Group  esUbliBtnug  very  ir»ll  Bu 


i  That 
PttlaiQiQic 

with  Ibe  i 

DD  toaail  from  tha  Dnmndu  will  and  can 
■ge;  OB  the  contrary,  all  the  plant  BYidenM 

ffl 

0  ptote  tli«ir  TriaM 

Cjcade 

oo,  plant. 

ire  not  iranting  at  all. 

M  m 

•W.  T.  Hanfori  mS 

ludin  was  at  the 
nvi  Ttin*jic  EumiJ 
lips  thrrjugh  Cljinil 

inie.  H-her  tho  DuTnudns 
am  area,  whilo  QI<,<iopU 

wen?  dcpo?iled,  in  conncnnii 
i.,  ItKt..  surviTsd  irum  iu- 

6.  Tlie  aupposition  of  a  PaliBozoic  ago  of  the  Domudaa  on  account  of  Otoaapttta, 
Bgi.,  ia  not  admiuible,  aa  all  the  other  planti  eridentl]'  contradict  tbia,  and  u  tbm 
are  no  animal  fossils  to  pTove  tbe  suggestion. 

6.  It  ia  thereCoie  a  quite  anhjective  auppoaildoii  nben  Mr.  W.  T.  Blanford'  mp 
tbat  the  GTideuce  wliich  connijcts  the  Damudai  with  the  Amtralian  CarbonLfeiom 
rocks  \i  about  equal  to  that  which  tends  to  show  their  relatiooa  vilb  the  Trias  oi 

When  we  consider  all  these  facta,  we  are  able  to  detect  a  wide 
connexion  with  India  during  the  deposition  of  the  Gondwana  Series, 
but  which  plainly  ebows  that  tho  supposition  of  a  connexion  with 
Australia  is  a  very  weak  one,  as  our  Series  represents  tho  Juio- 
I'riassic  epoch,  and  not  the  Carboniferous. 

1 .  Oioisopttrit,  Bgt.,  grew  flrat  in  AoBtralia  during  tbe  Carbonif erona  epoch,  atr- 
rived  into  India,  pasai^  perhaps  through  China,  when  our  country  at  thit'tjma  tb 
in  connexion  witii  the  ^iropean  Triaaaic  contdaent,  whicb  is  diatinctly  pinied  by  the 

2.  Tbe  conneiian  with  Europe  lasted  till  the  time  when  tbe  Bajioahal  Flora  gnv, 
and  thie  conneiioD  was  during  the  Liassic  era. 

3.  During  the  Oolitic  times  India  was  contiaentBlh  connected,  from  the  Jabalpfir 
district  through  Kachb,  Dhagestan,  Russia,  Middle  Europe,  etc.,  and  so  on  to  Tori' 
shire;  at  the  same  time  the  sea,  which  deposited  the  marine  Xaehh  Beds  asdilit 
Coconada  Series,  deposited  also  the  South  An-ican  Upper  Uitenbage  Oioup,  and  ww 
in  conneiiuD  some  tmie  prcTiously  with  the  Soropeao  OoUtic  Sea. 

[.  Ho.  3,  p.  S3. 


W.  E.  DaUanrSubMeHce  in  East  Essex.  491 

We  have  therefore  as  equiTalents : 

Upper  portion  of  Gtondwana  Series  s  Jnrassio 


Middle  Jurassic 
(Eachh — Jabalpdr  Group). 


Liassic 
(Bajmahal  Series). 
Keoper  (Upper  Tnas) 
(ranchet  Group). 
Lower  portion  of  the  Gondwanas  <=  Triaasio       ^ 

Lower  Trias 
(Damudas  and  Talchira)* 

Two  short  papers  of  mine  upon  this  subject  have  been  published 
the  Records  GeoL  Surv.  Ind.  vol.  ix.  Nos.  2,  3;  a  third  not  yet 

ned  will  contain  the  Flora  of  the  Jabalpur  Group,  and  some  sup- 

dmentaiy  notes  to  my  preceding  papers. 

My  second  paper  is  followed  by  cue,  written  by  Mr.  W.T.  Blanford, 

ider  a  special  title,  but  on  the  same  subject     In  this  the  author 

tends  to  revive  once  again  the  former  views,  which  I  trust  are  now 

» more  tenable,  as  I  have  shown  soffidently  in  this  present  short 

iper. 

Having  himself  seen  my  paper  through  the  press^  Mr.  W.  T. 

anford  had  of  course  the  earliest  opportunity  of  stating  his  views 

I  the  subject  in  the  same  volume  of  the  Becords,  before  my  paper 

IS  published. 

In  my  present  short  paper  I  cannot  enter  into  discussion  of  Mr. 

anford's  views,  and  what  I  have  to  say  against  them  will  be  stated 
detail  in  the  next  number  of  our  Records. 

I  hope  further  examinations  of  the  fossils,  as  the  only  guides 
determining  the  age  of  a  Series,  will  contribute  much  towards 

taring  up  their  relations,  concerning  which,  however,  I  am  already 

tisfied. 

n. — Subsidence  ik  East  Essex.^ 

By  W.  H.  D ALTON,  F.G.S.,  of  H.M.  Geological  Surrey. 
(Communicated  with  the  Director's  approyal.) 

IHAT  the  latest  movement  of  the  south-east  of  England  has  been 
one  of  depression  is  evidenced  by  the  numerous  "  submerged 
rests"  which  occur  at  intervals  round  the  coast,  ranging  down- 
irds,  not  only  to  half-tide  level,  but  to  beyond  the  lowest  ebb ;  and 
erefore  not  explicable  merely  on  the  hypothesis  of  sheltering  sand- 
rs,  or  lines  of  dunes,  even  where  such  can  be  shown  to  have 
listed. 

In  East  Essex,  the  question  is  complicated  by  the  variety  of  possi- 
lities  that  have  to  be  taken  into  consideration.  The  rapid  waste  of 
e  cliffs  at  Harwich,  Walton  Naze,  and  Olacton  sufiBciently  accounts 
r  the  disappearance  of  towns  and  villages  mentioned  in  ancient 
oords  as  existing  on  that  part  of  the  coast,  as  they  were  almost  in- 
liably  erected  on  land  above  the  sea-level,  and  therefore  liable  to 
I  attacked  and  destroyed  by  the  sea. 
Southward  and  westward  from  Glacton,  deposition  is  still  going 

^  Bead  before  the  Colchester  Natural  History  Society,pct.  6, 1876. 
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on,  and  the  "  saltings,"  as  the  uninolosed  lanil  is  termed,  continnaHj 
wideo  seaward,  fresh  sti'ips  being  ioolosed  frequently. 

Though  the  surface  of  the  saUings,  covered  with  coarse  grass  sod 
maritime  ploota,  rises  to  the  average  lerel  of  high  tid<>s  (owing  partly 
to  the  retention  hy  the  vegetation  of  drifted  organic  and  inorganic 
snbatances,  and  of  ailt  siwpended  in  the  tidal  waters),  it  is  fomui 
on  iiiclosiire  and  drainage  to  sink  about  six  or  seven  feet  below  the 
high-water  level,  the  difference  beiug  due  to  the  previous  coostaol 
Batu  ration. 

These  facts,  coupled  with  the  difficulty  of  ascertaining  wilhoot 
elaborate  observation  the  menu  level  of  a  sea  so  subject  as  the  Nortli 
Sea  to  be  influenced  by  the  set  of  the  winds  and  the  outline  of  tha 
coast,  render  it  neoessary  to  observe  very  great  caution  in  cotlecdiig 
evidence  as  to  eitlier  elevation  or  subsidence  within  this  area. 

Without  00 nwnitting  myself  to  ihe  expression  of  a  positive  opio ion. 
I  wish  to  plane  on  record  certain  facte  and  reports  bearing  on  tlie 
subject  which  may  be  of  use  to  future  observers. 

A  bed  of  peat,  resting  on  freshwater  shell  marl,  oocnre  in  the  bed 
of  the  Orwell  below  Ipswich,  14  feet  below  low-water  mark,  f  J.  E 
Taylor,  Brit.  Assoc.  1876.)  A  sobmerged  forest  with  stoob  of  tree* 
in  position  of  growth  is  said  to  occur  in  the  Stour  at  Dovercourt. 

In  the  alluvium  of  the  foreshore  in  front  of  the  town  of  WalUn- 
on-the-Naze  have  been  found  Sne  specimens  of  Cerviu  megaeeroi, 
and  other  extinct  mammalia.  The  old  Bath  House  Hotel  was  origin- 
ally erected  about  30  yards  neiirer  to  (lie  sea  ;  its  modem  auhstitiite 
is  now  beaten  by  the  spray  at  sprii^  tides,  and  the  road  in  front  of  it 
occasionally  flooded.  This  may  be  due  either  to  a  slipping  seaward 
of  the  alluvium'down  an  inclined  plane  of  London  Clay,  or  to  such 
alteration  of  the  slope  as  enables  the  water  to  run  further  up,  or  to 
real  subsidenco, 

Between  Clactoa  ami  St  Osyth,  a  submerged  forest  occurs  on  the 
foreshore.  A  legend,  current  in  the  neighbourhood,  attests  the 
former  existence  of  a  parish  named  Alton  somewhere  off*  the  present 
ooast-line  thereabouts.  A  farm  there  is  called  Alton  Park,  but  no 
mention  is  made  of  Alton  by  Morant  or  other  historians.  It  may 
have  been  on  a  London  Clay  island  or  peninsula  now  destroyed. 
The  forest,  with  elm  stools  still  in  place,  forms  the  foreshore 
from  beyond  the  lowest  ebb-tide  level  up  to  a  line  of  dunes  which 
protect  a  low  cliff  of  London  C^y.  The  sea  is  attacking  aud 
removing  the  ancient  soil,  although  deposition  is  going  forward  a 
few  miles  further  west.  This  forest  is  probably  of  about  the  same 
age  as  the  Walton  alluvium,  but  on  this  point  there  is  no  positive 
evidence  from  either  physical  or  palieontological  sources.  The  space 
covered  by  it  and  the  nature  of  the  material  (unctuous  blue  clay 
full  of  twigs  and  pieces  of  wood)  forbid  the  supposition  that  the  tree- 
stools  have  been  let  down  from  a  higher  level  by  the  removal  from 
below  Uiem  of  incoherent  beds — a  process  which  in  the  Stoar  estnary 
is  depositing  tree-stools  in  the  position  of  growth  on  the  alluvial  fiats 
below  high-water  mark. 

Tiie  marsh  land  on  the  EWei  Qo\n«  b«law  WYvenhoe  is  in  some 
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«  below  the  low- water  level  of  the  river,  and  when  flooded  by 
Qusually  high  tide  requires  to  be  drained  by  steam  power.  This 
be  due  partly  to  shrinkage  as  mentioned  above  (although  the 
lows  are  constantly  in  a  state  approaching  saturation),  or  it  may 
ue  to  the  deposition  of  mud  in  the  bed^of  the  river,  consequent 
le  supply  of  sewage  from  Oolchester. 

b  the  part  of  Colchester  called  the  Hythe  (i.e.  Wharf)  the  Colne 

yvigable  at  high  water,  and  granaries,  etc.,  constructed  on  its 

LS  200  years  ago,  are  now  frequently  flooded  in  the  basement  by 

tides.     Any  slipping,  such  as  I  have  suggested  for  Walton,  is 

^sproved   by  the  existence  of  artesian  wells  extending  deep 

the  Chalk.     An  utterly  imperceptible  slip  would  certainly  shear 

three-inch  bore-hole. 

i  a  creek  near  Steeple,  east  of  Maldon,  a  certain  row  of  piles,  the 
3f  which  used  60  years  ago  to  be  just  uncovered  at  high  water, 
low  covered  about  18  inches  deep  at  most  tides. 
Q  the  south  side  of  the  Blackwater,  the  hills  come  down  in  a 
t  to  high- water  mark  at  the  old  Roman  and  Saxon  station  of 
)Bia  or  Ithanceastre,  the  ruins  of  which  are  exposed  on  the  beach, 
tidal  slope  is  about  a  mile  and  a  quarter  wide,  and  on  the 
r  edge  of  this — an  almost  impassable  bed  of  mud — there  are 
r  ruins,  visible  at  dead  low-water  after  storms  have  removed  the 
[  and  mud,  and  consisting  of  foundations,  wells,  etc.,  the  arrange- 
t  of  which  is  perfectly  plain  at  such  times.  Alluvium  is  being 
»sited  between  these  ruins  and  the  main  land,  so  that  if  it  is 
se  of  denudation  since  the  erection  of  the  buildings,  the  currents 
t  have  fidtered  considerably. 

orth  of  the  Crouch,  the  alluvium  is  80  feet  deep ;  on  Fowlness 
westward  it  is  about  20  or  40,  indicating  the  existence  of  the 
ich  Yalley  at  a  time  when  the  land  was  at  least  40  feet  above 
present  level.  Fowlness,  a  wholly  alluvial  island,  has  certainly 
I  stationary  since  the  Norman  Conquest,  so  that  any  movement 
zh.  may  be  in  progress  does  not  include  that  area. 


III. — On  the  Motion  op  Glaciers. 

By  Rer.  J.  F.  Blake,  M.A.,  F.G.S. 

a  recent  Number  of  the  Geological  Magazine^  Mr.  Bums 
assumes  that  Geologists  in  general  seem  to  be  satisfied  with  Mr. 
[l*s  theory  of  the  motion  of  glaciers  because  they  do  not  write  in 
tation  of  it.  I  am  convinced  that  with  some  at  least  it  requires 
-efutation,  and  its  very  obvious  inadequacy  is  to  them  a  sufiicient 
on  for  passing  it  over  in  silence.  There  cannot  be  wanting  men 
»,  appreciating  the  difficulty  of  the  problem,  can  only  smile  at 
I  a  "  solution." 

t  seems  absurd  for  one  who  has  never  seen  a  glacier  in  his  life  to 
je  about  their  motion ;  and  this  has  kept  me  silent  on  the  point, 
igh  I  have  given  it  some  thought ;  but  if  it  is  the  case,  as  Mr.  Bums 
I,  that  many  geologists  are  contented  with  an  erroneous  theory,  as  it 

1  See  Gbol.  Mao.  1876,  Decade  II.  YoL  III.  p.  297. 
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■eeins  to  me,  it  may  be  useful  to  clear  the  way  for  a  true  one.  ttliJEh' 
may  perhaps  be  done  without  a  personal  knowledgo  of  glaiier*. 
This  paper  is,  therefore,  rather  CTitical  of  the  theories  of  olhea 
particularly  of  that  of  Mr.  CroU,  than  snggestive  of  any  of  my  own. 

We  have  Mr.  CroU's  latest  form  of  his  theory  extracted  for  Q8  in 
tlie  August  Number  of  the  Qboldgio&l  Magazine,  which  we  ar«  to 
n^rd  na  alone  representing  it,  although  in  his  book,  "  Climate  and 
Kme,"  the  original  form  in  which  it  was  criticized  by  Mr.  Banii 
was  allowed  to  stand  as  well,  and  was  understood  by  mo  in  the  «me 
aense  as  by  the  latter  writer.  But  it  is  of  very  little  consequence  in 
which  form  it  is  stated,  and  I  will  examine  the  ideas  derivable  from 
the  extract  last  given. 

Mr.  Croll  says,  "  loe  is  evidently  not  absolutely  solid  throughont 
is  Doniposod  of  crystalline  particles,  which,  though  in  oenlact 
with  one  another,  are,  however,  not  packed  together  ao  ae  lo  oomipy 
the  least  possible  space,  and,  even  though  thvy  were,  the  partiolu 
would  not  fit  Ro  closely  together  as  to  exclude  interstices."  In  rend- 
ing this  we  must  be  careful  to  obtain  a  right  idea  of  the  size  of  tbeH 
interstices.  The  reference  to  Prof.  TyndairB  explanation  of  th« 
cause  of  the  expansion  of  water  in  freezing — a  very  probable  ex- 
planation— shows  that  they  are  interstices  between  single  moteculM. 
And  therefore  too  small  to  be  even  microscopic.  Although  thii 
structure  of  ice  is  said  to  be  "  evidently  "  the  true  one,  it  rests  on  no 
liuia  hnt  Prof.  Tyndall's  iheoiy ;  and  Hierefore  miut  be  understood 
as  he  would  understand  it. 

It  miglit  he  tliought  by  some  that  the  question  of  interstices  in 
ice  would  be  connected  with  its  origiu;  either  as  crystallizing  direcdj 
from  water,  or  formed   by  compression  of  snow  crystals,  as  in  » 

f  lacier ;  but  this  would  have  reference  to  interstices  of  quite  ■ 
ifferont  magnitude,  not  at  all  molecular,  though  possibly  micro- 
Bcopic.  No — the  interstices  in  Prof.  Tyndairs  theory  must  exist  in 
the  smallest  possible  crystal,  in  fact  be  in  the  essence  of  a  crystal, 
and  therefore  all  ice  must  as  far  as  they  are  concerned  act  as  glaciat- 
ice. 

If  Mr.  Croll  does  not  mean  molecular  interstices,  then  of  coune 
the  answer  to  his  theory  will  be  different ;  but  then  also  his  re- 
ference to  Prof.  Tyndall  is  in  vain,  and  the  supposed  structure  of  ice 
by  no  means  "  evidently  "  the  true  one. 

In  the  passage  quoted  by  Mr.  Croll,  Prof.  Tyndall  clearly  sayi, 
"The  molecules  turn  and  rearrange  themtelvet  (the  italics  are  mine), 
demanding  as  they  do  so  more  space."  It  is  the  mutual  relation  (A 
one  molecule  to  another  that  is  altered  in  solidification,  and  not'any 
alteration  in  the  shape  or  nature  of  a  single  molecule,  which  woald 
be  absurd ;  since  by  the  definition  of  a  molecule  [which  Mr.  Croll 
does  not  appear  to  know]  any  such  change  would  alter  the  substaooe 
from  water  to  some  other  compound  of  its  elements. 

When,  therefore,  Mr.  Croll  in  his  next  part^raph  says,  "  when  a 
crystalline  molecule  melts,"  he  either  uses  the  word  "molecule"  in 
a  sense  different  to  that  of  Prof.  Tyndall  and  peculiar  to  himself,  or 
confuses  the  true  molecule,  as  defined  in  any  book  aa  chemistry  or 
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ihysios,  with  something  much  larger,  equivalent  in  the  popular  mind 
rith  "  a  very  little  bit/'  and  having  no  connexion  with  the  molecules 
hat  rearrange  themselves  in  freezing. 

A  true  *'  molecule "  cannot  be  "  crystalline,"  because  you  cannot 
iirange  one  thing  except  with  respect  to  others.  You  might  as  well 
ipeak  of  a  single  soldier  drawn  up  in  a  hollow  square,  and  when 
the  molecule  **  melts,"  of  the  soldier  being  disbanded. 

When,  therefore,  Mr.  Croll  writes  in  this  way.  Prof,  Tyndall  and 
be  part  company,  and  it  is  difficult  to  know  what  sense  to  put  upon 
what  follows ;  with  that  one  phrase  of  his  the  whole  edifice  falls. 

Using,  however,  the  word  molecule  in  its  proper  sense,  it  may  be 
worth  while  to  follow  a  little  what  might  possibly  happen  in  the 
oase  supposed.  Writing  what  Mr.  Croll  would  express,  in  strict 
Language,  he  may  be  supposed  to  say  that,  when,  by  the  action  of 
heaty  several  molecules  adjacent  to  each  other  lose  their  polarity  and 
ihe  crystalline  substance  melts,  some  of  these  molecules  will  fit  better 
into  the  spaces  left  between  those  still  forming  part  of  the  crystalline 
substance,  and  better  also  among  themselves,  so  that  on  the  whole 
they  occupy  less  room  than  before.^  This,  of  course,  is  true.  He 
then  says  that  these  molecules,  on  resolidifying,  will  not  do  so  so  as 
to  fit  the  cavity  which  they  occupied  when  in  a  fluid  state.  Taking 
ihis  assertion  as  I  have  modified  it,  so  as  to  represent  what  alone 
oan  be  Mr.  CroU's  meaning,  I  think  it  cannot  be  upheld ;  but  of 
that  anon.  I  would  examine  his  reasons.  He  says,  ''The  liquid 
molecule  in  solidifying  assumes  the  crystalline  form,  and  of  course 
there  will  be  a  definite  proportion  between  the  length,  breadth,  and 
thickness  of  the  crystal ;  consequently  it  will  always  happen  that 
the  interstice  in  which  it  solidifies  will  be  too  narrow  to  contain 
it"  Here,  I  must  say,  the  confusion  seems  complete ;  for  whatever 
definition  we  give  of  a  molecule  or  an  interstice,  we  are  equally 
landed  in  difficulties.  Mr.  CroU's  idea  of  a  molecule,  from  this 
sentence,  would  seem  to  be  a  small  portion  of  the  substance  which, 
when  melted,  may  take  any  shape,  but  which,  when  solid,  must  take 
up  a  definite  crystalline  shape.  Is  this  small  portion  of  the  sub- 
stance divisible  or  indivisible  under  the  ordinary  forces  of  nature  ? 
If  divisible,  why  should  it  not  flow  into  several  interstices  and  be 
squeezed  into  more  still  in  the  act  of  solidifying  ?—  and  Mr.  Croll  says 
it  flows  into  the  "  interstices  "  (plural) — where  it  might  make  several 
smaller  crystals  than  the  original,  according  as  there  was  room.  If 
indivisible — and  Mr.  Croll  further  down  speaks  of  "the  interstice" — 
the  main  mass  would  remain  in  the  original  cavity,  and  by  the 
hypothesis 'of  indivisibility  could  only  crystallize  by  coming  back 
together,  or  by  the  main  mass  coming  after  the  minute  portion  that 
had  got  entangled  in  an  interstice.  Mr.  Croll  seems  to  think  the 
former  could  not  be  the  case,  as  he  says  that  in  crystallizing  "the 
molecule  will  press  the  two  adjoining  molecules  aside  in  order  to 
make  sufficient  room  for  itself  between  them,  and  this  it  will  do,  no 
matter  what  amount  of  space  it  may  possess  in  all  other  directions. 

^  This  phraseology  would  have  to  be  altered  if  we  consider  heat  to  consist  of  the 
motion  of  molecules,' hut  I  haTe  kept  as  close  to  Mr.  Croll's  language  as  possible. 
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The  crystal  will  not  form  to  suit  the  cavity,  the  cavity  must  be  ft 
to  oonUlin  the  crystal."  Here  the  idea  appears  to  bo  tbat  the  u 
maes  of  the  "  molecule  "  is  in  ihe  interstice,  whicli  TOoiiid,  of  ooom, 
involve  tbat  ice  sLoiild  be  only  about  half  Ihe  density  of  water, 
imteas  we  resort  to  the  hypothesis  of  the  interstices  being  of  different 
sizes,  or  occurring  every  now  and  then,  and  the  rcaultB  happening 
only  when  the  melted  "  molecule  "  happened  to  fall  info  a  c»vity 
large  enough  to  nearly  hold  it  all.  But  it  is  of  no  use  to  follow 
tiiis  further :  the  whole  matter  is  founded  in  a  confusion  about  what 
a  molecule  is,  and  snch  a  molecule  as  Mr.  CroU  appears  to  conceire 
faaa  never  been  yet  heard  of  in  physical  science. 

But  goicig  back  to  where  we  left  off  in  strict  language.  Suppose  1 
linraber  of  molecules  were  to  be  loosed  from  their  crystalline  arrange- 
luent  by  heat,  and  so  occupy,  on  Ihe  whole,  less  space,  on  re-cty»tal- 
lizing  what  is  there  to  prevent  them  going  back  to  their  own  pliiM 
again  ?  TTnless  some  new  force  is  brought  to  play  on  the  inrtait, 
^atever  old  forces  they  originally  overcame  in  the  act  of  ciysl^- 
lizing  the  first  time,  they  can  certainly  overcome  again.  But  wbtt 
new  force  is  brought  into  play  f  None  that  Mr.  Croll  mentieitt 
Cravity  always  acted,  and  the  molecular  forces  of  cryatalliration 

f  are  just  aa  competent  to  push  back  the  molecules  agmnst  it  as  the; 

I  were  before  when  first  the  ice  was  formed. 

It  is  to  he  observed  that  there  ie  nothing  in  Mr.  Croll'a  theory  to 
distinguish  a  glacier  from  an  ordinary  piece  of  ice,  and  if  one  will 
flatten  out  ne  he  supposes,  Ihe  tither  ought  to  do  so  too.  But  who 
ever  saw  a  block  of  ice  bulge  out  under  the  influence  of  beat  ?  If 
any  one  has  ever  seen  such  a  thing,  or  has  made  any  experiments 
upon  it,  it  would  be  far  more  to  the  point  than  theory  ;  or  if  these 
molecular  changes  could  go  on,  even  in  a  large  mass  of  ioe,  without 
any  vie-a-tergo,  surely  some  tendency  to  a  definite  shape  ought  to 
have  been  observed  in  icebergs,  which  should,  "  as  the  mass  widens 
out,  grow  thinner  and  thinner."  If,  dierefore,  we  could  aubetitate 
for  Mr.  Croll's  theory,  as  explained  by  himself,  some  other,  physically 
correct,  embodying  the  same  idea  of  molecular  changes  under  the 
influence  of  heat,  it  would,  even  then,  prove  too  much. 

Hitherto  I  have  assumed,  with  Mr.  Croll,  that  heat  acting  on  a 
mass  of  ice  could  produce  these  meltings  and  re -solidifying  of  small 
portions  of  it  as  distinct  from  those  other  surrounding  portions,  or 
j'Bther  that  such  changes  might  nomeliow  be  brought  about,  and  hare 
shown  that  they  can  have  no  such  effect  as  supposed.  But  I  now 
ask,  What  is  the  real  result  of  heat  acting  on  a  mass  of  ice  ?  Can 
there  be  such  a  thing  as  a  small  melted  portion  (I  will  no  longer 
use  the  word  "  molecule  "  in  a  wrong  sense)  passing  on  its  heat  to 
"  the  next,"  by  which  means  that  becomes  melted,  and  so  passes  on 
the  heat  again  ?  It  is  certainly  an  ingenious  idea,  and  one  cannot 
help  admiring  its  boldness  ;  but  then  it  has  nothing  whatever  to  do 
with  the  real  state  of  the  case  when  a  solid  body  sncb  as  ioe  is 
subject  to  heat  We  hear  nothing  of  its  latent  heat,  and  of  its  con- 
ductivity— two  of  the  essential  elements  of  the  question.  Before  a 
fflnall  moss,  or,  as  we  ma^  call  it,  ^artiole,  of  ioe  can  melt,  it  must 
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first  be  bronght  to  melting  point,  and  then  so  many  miita  of  heat  must 
be  sapplied  in  addition  to  melt  it.  Suppose  a  melted  particle  in  the 
midst  of  ioe  colder  than  at  melting  point,  its  heat  would  be  distri- 
buted in  raising  the  temperature  of  me  surrounding  ice,  according 
to  its  conductivity,  and  what  was  left  would  be  insufficient  to  melt 
any  other  particle  of  its  own  size.  Hence,  before  the  solidifying  of 
one  particle  oould  be  sufficient  for  melting  another,  the  whole  sur- 
rounding mass  must  be  at  melting  point,  and  this,  I  believe,  is  not 
by  any  means  the  temperature  of  the  interior  of  a  glacier ;  and  there 
must  be  some  cause  for  the  devotion  of  the  spare  heat  to  one  particle 
alone,  to  say  nothing  of  the  cause  which  is  to  bring  about  a  perpetual 
doing  and  undoing  of  the  same  operation.  If  there  could  be  any 
tooh  passing  on  of  a  melted  state  through  a  body  to  the  other  end, 
we  ought  to  see  a  glass  rod  held  in  the  fire  melting  at  the  end  away 
from  the  fire,  or  does  the  outside  particle  refuse  to  melt  ?  A  candle, 
too,  ought  to  melt  in  the  socket  instead  of  near  the  lighted  wick, 
and  to  bulge  out  into  abnormal  obesity. 

But  what  does  happen  when  ice  is  subjected  to  heat  on  one  side  ? 
First,  the  heated  side  is  raised  to  melting  point,  while  as  we  recede 
from  that  side  the  temperature  gradually  diminishes  to  its  lowest 
point  at  the  side  we  may  suppose  most  remote  from  the  source  of 
heat.  The  temperature  at  any  point  between  these  two  settles  down 
to  a  fixed  amount  according  to  the  temperatures  of  the  two  ends, 
the  surrounding  temperature  of  the  whole,  and  the  conductivity  of 
the  ice,  and  can  only  vary  with  one  of  these.  The  only  variable 
elements  of  the  four  are  the  surrounding  temperature,  and  the 
temperature  of  the  other  end,  which  are  obviously  Connected 
together.  The  temperature  of  the  hotter  end  (being  the  melting 
point  of  ice)  and  the  conductivity  may  be  considered  for  present 
purposes  invariable.  If  more  heat  be  now  applied,  it  is  spent  in 
keeping  up  this  state  of  the  ice  as  to  temperatiure  against  all  possible 
losses  and  in  melting  that  part  of  the  ice  that  is  nearest  to  it.  No 
amount  of  this  additional  heat  will  alter  the  state  of  the  interior — 
except  so  far  as  it  may  alter  the  other  conditions  on  which  it  depends. 
However,  if  changes  in  the  other  conditions  take  place,  the  source 
of  heat  may  be  a  long  time  bringing  about  this  settled  state  of 
temperature,  and  during  this  time  it  will  of  course  cause  changes  in 
the  temperature  of  the  interior.  But  no  amount  of  external  heat 
could  possibly  bring  about  internal  melting  in  a  uniform  mass  of 
tee.  It  is  simply  a  myth.  These  statements  of  mine  will  be  recog- 
nized by  any  physicist  as  a  piece  of  elementary  knowledge  obtainable 
from  mo^t  text-books  on  heat.  I  cannot  think  of  anything  that 
would  explode  the  theory  more  effectually  than  these  simple  well- 
known  facts. 

But  now  it  may  be  asked — How  then  does  the  glacier  move? 
For  it  certainly  moves  particle  by  particle,  for  it  alters  its  shape,  and 
heat  has  some  influence  on  it,  because  it  moves  faster  in  summer 
than  in  winter.  In  reply  I  may  say  that  I  think  the  true  answer  to 
this  question  must  be  made  by  one  who  has  opportunities  of  making 
special  observations  on  glaciers,  so  as  to  ascertain,  with  a  view  t(i 
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the  Kilnrion  of  the  problen,  tbe  peculiar  chtmrnstatioe*  nn^er  wti! 
a  ^aeiar  »  placed,  and  the  detail*  of  ita  motion.  Knowing  them 
ibin^  onlj  at  aeoond-hand,  it  woold  be  toOj  ia  ise  to  pretend  U 
gttfi  a  aotalion,  and  I  would  oaljr  ventore  a  Tew  tfaeoreltcnl  aoil 


*3 


Allfaoa^  tbe  tempentnn  of  gUcier-ioe  is  not  thnragfaoat  M  much  M 
3f  Fahr.,  a  eoii«d«rable  ponioo  ia  doobtl«es  not  §u  maoved  btm 
that,  aod  we  ma;  pnhapa  c4nciDd«  tbat  motion  only  takes  place  in 
that  which  is  within  1"  of  ntelnng  point.  Perhaps  eome  one  acqnainteil 
with  gUcien  could  answer  thia?  Now  it  has  been  shown  by  can- 
fa]  expetimeot  ihai  it  nquires  more  nsits  of  heat  to  raiae  ioe  thtongfa 
die  laat  degree  of  temperatnre  before  melting  point  thao  any  otliar. 
which  ean  be  acooiutted  for  by  enpp^ing  «oiii«  of  the  heat  to  be 
takes  Dp  in  preparing  it  to  melt  so  to  speak,  in  other  words  id 
beginning  the  altenlion  of  its  motecaUr  arnugements  so  as  to  wake 
the  moleenleB  more  &eo  to  move  upon  eadi  other.  The  settling 
down  of  tbe  whole  mass  of  ice  into  a  temperature  state  in  which 
thia  looaening  of  the  molecalea  extetMkd  through  some  distance 
would  be  Doro  enaily  accomplished  in  a  glacier  than  in  a  smaller 
naass  of  ioe.  and  in  summer  it  would  be  mora  completely  broi^hl 
ftboat  than  in  winter.  It  is  true  that  Piofl  Moseley  has  perfonneil 
experiments  to  &bow  that  ic«,  in  order  to  separate,  requires  a  itiear- 
ing  fince  of  70  lbs.  per  square  inch,  and  that  the  loosening  wosld 
have  to  be  eDormoua  to  hnng  thia  within  the  power  of  gnrity  m 
exercised  on  an  ordinary  glacier;  but  every  little  helps.  Another 
way  in  which  the  shearing  force  of  g!acier-ice  niaj  be  rednceil  is  by 
its  containing  a  consiJerabie  qnnntily  of  air  entangled  within  it.  A 
very  interesting  article  on  tliis  point  was  contribnted  by  John 
Ailken  to  Nature.  February  13,  1873.  in  which  the  writer  details 
experimenls  ehoivingtbat  such  ice  will  bend  and  change  its  shape 
under  *i  lbs.  or  Tibs,  pressure  only  per  square  inth ;  so  that  the 
nature  and  origin  of  the  ice  ia  ubviuu^y  of  considerable  importaai^ 
in  the  question. 

I  have  myself  tried  similar  experiments  to  those  of  Prof.  Moeeley, 
BO  arranged  that  considerable  pressure  was  brongfat  to  bear  on  the 
snrfacea  to  be  sheared,  and  came  to  the  conclusion  that  if  yon  want 
to  $ee  the  ice  shear,  as  much  force  must  be  brought  to  bear  as  he  has 
indicated  ;  but  tbe  force  required  proved  to  be  so  considerably  depen- 
dent on  the  time  that  I  found  it  beyond  my  power  to  keep  the  ice  at 
the  same  temperature  and  diameter  long  enough  to  reduce  the  neces- 
sary shearing  force  as  low  as  I  believed  it  might  be  reduced,  if  *e 
gave  it  time  to  do  its  work  slowly  and  imperoeptibly,  as  in  a  gUciw ; 
and  Mr.  Mial]  has  shown  that  substances  whose  shearing  was  greater 
than  their  breaking  strain  may  yet  be  bent,  i.t.  sheared,  by  a  com- 
paratively  small  pressure  long  applied. 

When  we  thus  see  how  much  the  shearing  force  may  be  reduced  by 
time  and  temperature,  and  take  also  into  considemtion  the  effect  of 
alternate  contreotion  and  expansion  with  the  variation  of  the  external 
temperature,  we  shall  have  data  enough  out  of  which  to  construct  ■ 
tnie  tbeoiy  of  the  motion  of  glacisxa,  without  having  recoorae  to 
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imaginaiy  meltings.  Snoh  a  theory  has  not  yet,  I  believe,  been  con- 
stmcted,  nor  can  I,  of  course,  attempt  to  do  it.  Is  it  not  rather, 
however,  a  question  for  the  physicist  than  for  the  geologist  ?  It  is 
certain  that  glaciers  do  move,  that  they  move  in  some  respects  like 
rivers,  that  they  have  a  great  grinding  power,  and  that  they  can  be 
driven  up  inclines;  but  the  physical  details  of  the  cause  of  the 
motion,  though  in  the  highest  degree  interesting  to  the  geologist, 
are,  I  think,  a  little  beyond  his  province  to  determine. 

TV. — Ok    Scottish   Monoobaptidjb. 

By  Ghablbb  Lapwo&th,  F. G. S. 

{Ckmtinutd from  pagt  360.) 

(PLATE  XX.) 

§  vn. 

Group  5. — ^Type,  Monoobaptus  lobifebus,  M*Coy,  sp. 

Polypary  usually  slender  and  curved.  Hydrotheca  in  contact  only; 
distal  extremity  of  each  either  reflexed  or  coiled  up  into  a  rounded 
lobe. 

26.  Monoobaptus  lobipbbus,  M*Coy,  sp.    Plate  XX.  Fig.  1. 

Graptolithus  lohiferus,  M*Coy  ;  British  Palaeozoic  Fossils,  pi.  i.  b. 

fig.  3.    Nicholson,  Quart  Joum.  Geol.  See.  vol.  xxiv.  pi.  xix. 

fig.  30. 
Ghraptolithus   millepedia,   M*Coy;    ibid.   fig.   6.      Geinitz,   Die 

GraptoUthen,  Taf.  iii.  figs.  33,  34 ;  Taf.  iv.  fig.  5. 
Graptolithus  Becki,  Harkness ;  Quart.  Joum.  Geol.  Soc.  vol.  vii. 

pi.  i.  fig.  5.     Geinitz,  op.  cit.  Taf.  iii.  fig.  14. 
Graptolithus  Nicoli,  Harkness ;  Quart  Joum.  Geol.  Soc.  vol.  vii. 

pi.  i.  fig.  6. 
Graptolithus  priodon,  Richter  ;  Zeitschrift  d.  Deutsch.  Gesellsch. 

1853,  Taf.  xii.  fig.  22. 
Diplograpsus  nodosus,  Harkness,  loa  cit  figs.  10a — 105. 

Polypary  slender,  several  inches  in  length,  distal  portion  straight, 
proximal  portion  sharply  recurved.  Hydrothecae  20  to  25  to  the 
inch,  in  contact  at  their  bases  only ;  narrowing  in  the  direction  of 
the  apertural  portion,  which  is  curled  up  into  a  rounded  lobe. 

The  }>roximal  or  recurved  portion  of  the  polypary  is  compara- 
tively sboit,  rarely  exceeding  three-fourths  of  an  inch  in  length. 
Distally  it  is  either  perfectly  straight,  or  has  a  very  gentle  dorsal 
curvature.  The  fully  developed  polypary  must  have  been  of  extra- 
ordinary length,  as  straight  fragments  of  more  than  a  foot  in  extent 
are  by  no  means  rare. 

The  hydrothecsB  are  subtriangular  in  form,  and — exception  being 
made  of  their  peculiar  terminal  curvature — they  agree  precisely  in 
their  form  and  disposition  with  those  of  Monograptus  convolutusj  His. 
They  rise  perpendicularly  from  the  convex  margin  of  the  periderm, 
and  their  bases,  which  just  touch  each  other  at  their  extremities, 
have  a  length  which  is  the  same  as,  or  but  slightly  less  than,  that 
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of  the  tiieca   itself.      The  termiual    portion  of  the  latter  is  boil 
abniptly  backwards  in  tbe  direction  of  the  proximal  oitreoiit;  of 
the  polypary,  ita  inferior  margin  pressing  against  the  central  p(ff- 
tion  of  the  tbeca,  or  even  slightly  transgreBsing  npon  its  saifue. 
This  ia  Ihe  origin  of  the  remarkable  thecal  lobe  which  oonstinitai    , 
the  chief  oharacteristio  of  the  whole  group.     The  external  onfioe  v 
brought  round  in  this  way  so  as  to  open  in  the  direction  of  a  poiiit    ■ 
on  the  ventral  margin  of  the  polypary,  lying  s  little  on  the  proiinal 
or  first-formed  side  of  the  base  of  its  own  bydrotheca.     Tbeapettanl    i 
margin  is  quite  etraight,  and  is  usually  wholly  devoid  of  omomeDt    I 

The  nuinl>er  of  hydrotbeoce  to  the  inch  is  far  ^m  couslaut,  aod 
there  are  a(  least  three  prime  distinctions  in  their  shape  and  propor- 
tion. In  what  may  bo  regarded  aa  the  typical  form  of  the  species  (Figs. 
1  a,  h),  they  undergo  scarcely  any  contraction  distally,  and  the  lobe  i» 
conaeriuently  lai^e  and  ball-like.  In  the  commonest  variety  (Jt 
Nieoli,  Hark.  ?)  they  ai-e  short  and  pointed,  and  Bpecimeus  occasional]} 
occur  almost  inseparahle  from  extreme  foi'ms  of  M.  coneolntiu  ^am- 
tnuni'i)  ;  while  tn  a  second  variety  (  =  millepedia,  U*Coy)  they  an  ; 
long  and  ttibnlar,  and  the  lobe  is  scarcely  diatinguishable. 

Lociiliti). — Very  common  in  tbe  middle  and  higher  beds  of  ths 
Bivkhill  ShtUeB  at  Belcraig,  Qlenkilo,  Garple,  Dobba  Linn,  Craigifr- 
rig,  etc. 

27.  UoHoauFTUs  Bsoxi,  Barrande,  sp.    Plate  XX.  Fig.  2. 
GrapioHihiig  Beckl,  Barrande;  Grapt.  Je  Boheme,  pi.  iii.  Sgi 

H  to  IS. 
Monoijrapaui  Becki,  Gt'initz  ;    Die  Graptolitben,  Taf,  iii.  fig.  13. 

Polyparj  long  and  narrow,  straight  (?),  or  with  a  slight  ventnJ 
cnrvaiure.  Hydrothecie  20  to  2&  to  the  inch,  free,  eitlier  wholly  or 
in  part,  outer  extremity  of  each  forming  a  rounded  lube. 

In  the  preceding  species  the  eaily  hydrothecee  resemble  those  on 
the  fully  developed  portion  of  the  polypary  in  everything  but  size, 
Here,  on'  the  contrary,  they  are  distant,  long,  and  linear,  with  theii 
apicea  only  slightly  reflexed ;  while  the  later  ones  are  closely  set,  are 
Bubtri angular  in  foiTo,  and  have  nodose  terminations.  Agsin,  the 
former  are  pressed  flat  against  the  ventral  margin,  and  only  a  veiy 
small  fraction  of  their  length  is  isolated ;  while  the  bases  of  the 
latter  are  in  contact,  and  they  are  free  and  isolated  tiirongbaut  the 
whole  of  their  extent.  That  portion  of  the  polypary  which  carries 
these  less  developed  thecas  is  often  a  couple  of  inches  in  length.  In 
the  Uirkhill  examples  it  forms  a  gentle  and  continuous  curve,  the 
thecie  being  disposed  upon  its  concave  margin.  In  the  much  more 
recent  specimens  afforded  by  the  shales  of  the  Gala  Group,  the  first 
half-inch  is  bent  slightly  backwards,  and  examples  now  and  then 
occur  in  the  transition  beds  which  are  almost  straight. 

In  thin  species  we  very  frequently  ineet  with  (hose  examples  in  whidi 
the  siciila,  at  the  same  time  that  it  throws  off  the  normal  series  of 
hydrolhecre  in  the  usual  manner  from  one  of  its  lateral  margins,  also 
gives  origin  to  a  second  series,  which  is  developed  in  a  dirwtion 
•exactly  opposite.    The  two  ^nm&T^  b^diotbecsa  are  symmetrioally 
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united  to  each  other  bj  their  lateral  fietces,  and  are  80  similar  in  their 
exteomal  features  that  it  is  impossible  to  say  which  was  the  funda- 
mental germ.  These  monstrosities  occur  in  association  with  forms 
in  which  the  sicnla  throws  off  a  single  series  only,  figures  illus- 
tcatiTe  of  this  remarkable  deviation  from  the  normal  mode  of  develop- 
ment  (which  occasionally  occurs  also  in  M.  rundnaivm  and  M.  tenms) 
azegiven  on  Plate XX. 

l£e  typical  example  of  this  species  figured  by  Barrande  is  the 
GhJa  form  mentioned  above,  in  which  the  proximal  extremity  has 
a  alight  double  currature. 

LoedUty^ — Common  in  the  hi^est  beds  of  the  BirkhiU  Shales  at 
Birkhill,  March  Bum,  Eldinhope,  Biver  Ettrk^,  eta ;  and  in  the 
Ghda  Group  at  Meigle,  Cascade,  Caddonfoot 

28.  MoNoctRAPTUS  Cltvoani,  Carr.,  sp.    Plate  XX.  Fig.  3. 
Oraploliikns  lobiferus,  Nicholson ;  Quart.  Joum.  Qeol.  Soc.  vol. 

zxiv.  plate  xix.  fig»  29. 
Orwi6lithu$  CUngani,  Carruthers ;  Qeol.  Mag.  YoL  Y.  Plate  Y. 
Fig.  19. 

Polypazy  long  and  narrow,  distal  portion  almost  straight;  proximal 
extremity  recurved.  Hydrothecaa  25  to  30  to  the  inch,  in  contact  at 
their  base  only,  subtriangular  in  form,  contracting  in  the  direction 
of  the  aperture,  which  is  bent  round  so  as  to  face  the  proximal  ex- 
tremity of  the  polypary. 

The  hydrothec»  are  similar  in  form  along  the  whole  of  the  length 
of  the  polypary.  Eiach  is  a  minute  triangle,  of  which  the  base  is 
almost  equal  to  the  height.  The  distal  portion  is  prolonged,  and  the 
external  orifice  ia  comparatively  narrow.  The  former  is  bent  back- 
wards at  right  angles  to  the  axis  of  the  theca,  and  the  latter  opens  in 
the  direction  of  the  proximal  extremity  of  the  polypary,  parallel 
with  the  general  line  of  its  polypiferous  margin. 

Young  examples  occur  in  great  abundance,  and  it  was  upon  these 
that  the  species  was  founded.  The  adult  form  is  rare,  and  has  only 
recently  been  distinctly  identified. 

HL  CHingani  is  a  very  unsatisfactory  species.  It  may  best  be 
regarded  as  lying  between  M.  convolutus  (communia)  and  M.  lohiferus. 
From  the  former  it  is  separated  by  the  abrupt  reflexion  of  the  terminal 
portion  of  its  hydrothec89,  and  from  the  latter  by  the  absence  of  a 
distinct  rounded  lobe. 

Locality, — Common  in  a  single  zone  in  the  higher  portion  of  the 
Birkhill  Shales  at  Dobbs  Linn,  Moory  Syke,  Whitehope  Burn,  etc. 

29.  MoNOOBAPTUs  BUNOiNATUs,  sp.  uov.    Plate  XX.  Fig.  4. 
Polypary  several  inches   in  length,   narrow  and   gently  curved 

throughout  HydrothecsB  24  to  28  to  the  inch,  narrow  tubes  ex- 
panding slightly  in  the  direction  of  the  aperture ;  proximal  half  of 
each  appressed  to  the  concave  margin  of  the  periderm,  distal  portion 
free  and  abruptly  reflexed,  the  aperture  being  directed  obliquely 
inwards ;  denticle  acuminate,  conspicuous. 

The  form  of  the  polypary  is  very  similar  to  that  of  MonograpU^ 
Becki,  and  the  early  hydrothecsd  in  both  species  are  almost  identical. 


502  C.  Lapicorth — On  Scottish  MonograpUda. 

Ill  the  fully  developed  porlioa  of  tlie  polypary,  however,  they  »n 
strikingly  differenl.  In  the  preaent  fipeoies  each  theca  U  a  narro* 
tube,  which  augments  its  diimieter  aa  it  lacreasos  in  length.  For 
about  half  its  extent  ii  ia  pressedflatagaiuat  the  periderm — mcIokIj 
that  the  line  of  separation  ia  usually  iDTiaible,  even  in  Bpedmeoi 
pi-oserved  wilh  their  full  relief.  The  distal  half,  on  the  contrarj, 
Bprings  Biiddonly  outwards,  almost  at  right  angles  with  the  ad) 
of  the  polypary,  and  is  at  once  doubled  back  upon  itself,  io  such  ( 
mnnner  that  its  free  inferior  margin  is  forced  rouud  into  oonlaet 
with  that  of  the  attached  portion.  The  edge  of  the  aperture  ia  vwy 
oblique,  making  an  angle  of  ISO'  with  the  axis  of  the  polypary. 

The  denticle  formed  by  the  direct  edge  of  the  aperture  and  tbt 
curved  superior  margin  is  acute,  and  frequently  causes  the  spedeato 
be  confounded  with  some  vaiietiea  of  M.  Foarolalut. 

At  first  sight  of  n  well-preaervod  fragment  from  the  fnlly  developed 
portion  of  the  polypary,  it  is  impossible  to  avoid  inverting  it,  and 
regarding  tlie  hytlrothecte  as  similar  in  their  form  and  disposition  Io 
those  of  Monogr.  anjulua.  This  view  ia  especiiiUy  fortified  by  the 
peculiar  and  apparently  unbroken  curve  of  the  outer  mar^n  of  the 
tlieon,  and  by  tbe  non-visibility  of  any  line  of  separation  between 
the  theca  and  periilerm ;  but  that  our  interpretation  of  iheae  appear- 
ancea  ia  the  correct  one  is  placed  beyond  dispute,  not  only  by  tbe 
Tt-IatiouB  which  exist  between  the  direction  of  the  free  part  of  the  | 
theca,  and  that  of  the  Blender  pruximal  part  of  the  pol^iaiy  in  lU 
complete  normally  developed  examples,  but  also  by  tlie  circumstance 
Ihat  in  all  bi-latcral  specimens  {which  are  abundant  in  some  localities). 
the  apertural  portion  of  each  theoa  in  both  polyparies  is  directed  back- 
wards upon  their  common  point  of  origin  in  the  sicula. 

Tbe  nearest  ally  of  tbe  species  is  Monogr.  Becki,  from  whioh  it  is 
soparnted  chiefiy  by  the  characters  of  the  distal  hydrothec«e. 

Locality. — Common  in  the  highest  beds  of  the  BtrkliiU  Shales  si 
Uount  Benger,  Eldinhope,  Dobbs  Linn  and  Glenkiln. 

30.  MoNOGKAPTUs  Bahbandei,  SuesB.  sp.    Plate  XX.  Fig.  5. 
Graploliibva  Barraadei,  Suess;    Bohmische  Graplolithen,  "M. 
ix.  figs,  12a-b. 

Polypary  about  six  inches  in  length,  slender  and  very  slightly 
curved.  Hydrothecte  16  to  the  inch,  long  and  linear,  appmaed 
to  tbe  concave  margin  of  the  periderm  for  more  than  five-Bixths 
of  their  length,  distal  extremity  refiexed,  and  uaually  forming  a 
small  rounded  lobe. 

Tlie  proximal  portion  of  the  polypary — which  may  be  r^;arded 
as  embracing  tbe  first  two  inches  of  length— is  of  remarkable  tenuity, 
and  the  periderm  is  little  more  than  a  mere  line  tbrougboat.  "Hie 
curvature  of  the  polypary  is  scarcely  perceptible  in  this  earlier 
portion.  The  hydrothecte  are  narrower  than  in  any  of  the  other 
forms  of  the  group,  end  the  reflexed  fraction  proportionately 
shorter.  It  is  never  more  than  one-sixth  of  the  length  of  the  then, 
and  occasionally  less  than  one-eighth.  The  charaoteriBtio  lobe-tike 
terminaUoa  is  fornied  ool^j  m  t\^%  {iilly  developed  part  of   the 


C.  Lqptcorth — On  Scottish  Manograptidm.  603 

polypaiy;  the  apertaral  portions  of  the  early  hydrotheosd  scarcely 
project  a^  all  above  the  venti-al  margin,  while  the  aperture  is 
slightly  everted,  and  there  is  a  minute  and  very  conspicuous  denticle. 

M.  Barrandei  was  founded  by  Suess  upon  a  proximal  fragment 
poflsessing  the  characters  noted  above ;  but  judging  from  his  guarded 
reference  to  Baatrites  gemmatua.  Ban*.,  as  being  merely  one  of  its 
Tarieties,  it  is  probable  that  he  was  aware  of  the  occasional  lobe- 
like form  of  its  distal  hydrothecas.  He  regarded  it  as  a  species 
imiting  the  characters  of  the  proximal  portion  of  Monograptus  pro- 
tens,  Barr.,  and  those  of  a  true  Bastritea  (a  genus  he  refused  to 
reoognize),  believing  that  the  distal  projections  made  up  the  whole 
body  of  the  hydrothecsB,  which  were  thus  isolated  and  separated 
from  each  other  by  long  and  barren  intemodes.^ 

Locality. — ^Yery  rare  in  the  Gala  Group  at  Buckholm,  Meigle, 
and  Grieston. 

31.  MoNOGBAPTUs  BXiouus,  Nicholsou,  sp.    Plate  XX.  Fig.  6. 

OraptoUihuB  Xobiferxis^  var.  exiguuSf  Nicholson ;  Quart  Joum. 

G^l.  Soa  vol.  xxiv.  pi.  xix.  figs.  27  and  28. 
Graptolitkus  plumosus,    Baily ;     Mem.    GeoL    Surv.    Ireland, 

Explan.  Sheets  49,  50,  p.  23,  figs,  la— 5  c 

Polypary  about  one  inch  in  length,  slender,  with  incurved  proxi- 
mal extremity.  HydrothecsB  35  to  40  to  the  inch,  proximal  portion 
adnate  to  the  periderm,  distal  portion  isolated,  and  forming  a  small 
rounded  lobe. 

The  periderm  in  this  very  distinct  little  species  is  a  mere  line,  and 
the  breadth  of  the  whole  polypary,  inclusive  of  the  projection  of  the 
hydrothecsB,  is  less  than  one-fortieth  of  an  inch.  The  incurved 
proximal  portion  embraces  about  one-fifth  of  the  total  length,  which 
never  amounts  to  more  than  an  inch  and  a  half.  The  hydrothecad 
are  almost  identical  in  shape  with  those  in  M,  BecH,  but  the  lobes 
are  a  little  larger  proportionally. 

The  size  and  shape  of  the  polypary  and  its  minute  closely-set 
hydrothec8B  effectually  distinguish  M.  exiguua  from  all  its  congeners. 

Mr.  Baily  gives  an  excellent  figure  of  this  species  {loc,  cit.  aupra). 

Locality. — M.  exiguus  occurs  in  gi'eat  profusion  in  the  beds  of  the 
Gala  Group  at  Caddonfoot,  Meigle,  Glendearg,  Grieston,  Douglas 
near  Tushielaw.  Glenkiln,  etc. 

32.  MoNOGRAPTUS  CKI8PUS,  sp.  uov.    Plate  XX.  Fig.  7. 

Polypary  extremely  slender,  less  than  one  inch  in  lengtli ;  proxi- 
mal portion  almost  straight,  distal  portion  incurved.  Hydrothecsa  20 
to  30  to  the  inch,  in  proximal  portion  adnate,  in  distal  portion  free  for 
half  their  length ;  outer  extremity  of  each  inrolled  in  a  minute  lobe. 

The  general  form  of  the  polypary  in  this  species  is  strikingly 
characteristic.  For  the  first  tenth  of  an  inch  it  is  bent  backwards, 
so  that  the  earlier  hydrothecaa  lie  upon  the  convex  margin  of  the 
periderm.  The .  following  half-inch  is  perpendicular  and  slightly 
arcuate,  and  the  final  portion  forms  a  complete  semicircle  which 
carries  the  hydrothecs  upon  its  inner  edge. 

^  SaeM,  Bohmische  Graptolithen,  b.  126. 


Tbe  Hcala  in  thi«  £atn  u  afaool  one-nreiftli  of  an  indi  in  laigttu 
kmI  together  with  the  itiac^ifrd  portuo  of  dw  poiderm  is  bvit  a 
little  backward  There  ia  often  a  ifaort  ^roAet  radiciilar  pncm 
visible  in  the  line  of  proximal  prolongation  of  the  adherent  ma^in 
of  the  sicul&. 

The  poljpar;  gains  its  tKiinutl  widdi  within  the  first  fonr  indie*, 
and  for  the  remainder  of  its  extent  it  lani;  undergoes  an;  fiiitfaer 
alteratkm  in  diameter. 

The  hydiothecaa,  which  are  far  more  dotdj  arrsaged  than  in  anj 
other  species  of  the  HaUi  gioop,  are  short  tnbes  sligfatl;  contracting 
distally,  and  sboat  foQr  times  longer  than  wide.  They  are  in  close 
oontact  throDgboat  ifesr  the  disUl  end  thtre  is  a  soddwi  expan- 
sion, and  the  terminal  orifice  is  usually  more  than  twice  as  broaJ 
as  the  body  of  the  hydrotheca.  The  edge  of  the  aperture  ie 
convex  ;  the  denticle  pointed,  and  a  very  minute  apertntml  spine  is 
occasionally '  visible.  In  the  earlier  portion  of  the  polypaiy  the 
denticle  is  remarkably  obUqoe,  freqaently  making  an  angle  of  150° 
with  the  ventral  margin.  As  the  polypaiy  increases  in  length,  the 
obliqaity  of  the  dentioles  gradually  diminishes,  so  that  fragmcntH 
of  more  than  four  inches  in  extent  have  their  final  denticlee  almost 
horizontaL 

The  apparently  excessive  obliquity  of  the  denticle  is  due  to  the 

riliar  form  and  great  diameter  of  the  thecal  apertore.     As  in 
Haiti  and    M.    EtecartoneTttii,   in  the   earlier   UiecK  the  whole 
extent  of  the  aperture  is  exposed  to  view.    Its  upper  and  neaieet 
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edge  is  nndistinguishable  in  the  fomil  from  the  body  of  the  hydro- 
theo»y  upon  which  it  is  ornshed  down;  while  the  long  rounded 
margin  which  is  the  more  distant  from  the  observer,  forms  the 
visible  distal  boundary  of  the  theca.  In  specimens  preserved  in 
strict  profile,  or  with  their  full  relief,  the  nearer  margin  of  tlie 
aperture  is  visible  an4  the  obliquity  is  always  much  less.  The 
proximal  boundary  of  the  denticle  is  formed  by  the  expanded  part 
of  the  theca  immediately  preceding  the  aperture. 

According  to  Mr.  Salter  the  orifice  is  situate  on  the  lower  or 
xnfeiior  side  of  the  denticle,  and  the  latter  ''overhangs  the  wide  con- 
cave margin  of  the  mouth,  which  abuts  at  its  lower  edge  directly 
against  the  succeeding  cell."  In  this  view  he  was  strengthened  by 
Barnmde's  reading  of  the  characters  of  his  Jf.  chimera,  in  which  the 
relations  of  theca  and  denticle  are  similarly  interpreted.  A  glance 
at  Mr.  Salter's  figures  is  sufficient  to  prove  that  this  view  is  wholly 
erroneous. 

If.  Flemingii  is  intimately  allied  to  M.  Halli  and  M,  J^iccartonensis, 
From  the  former  it  differs  in  the  number  and  character  of  the 
hydrothecsB,  and  from  the  latter  in  the  form  and  size  of  the  theca  and 
polypary. 

locality, — Common  in  the  Eiccarton  beds  at  Biocarton,  Shanken- 
shiels,  BcJmae,  etc. 

34.  MoNOOBAPTus  ooLONUs,  Barrandc.    Plate  XX.  Fig.  9. 

Oraptolithus  colomia,  Barrande;  Grapt.  de  Boh^me,  pi.  ii.  ^ga. 
1,  2,  3.  Geinitz,  Die  Graptolithen,  Taf.  ii.  figs.  33  to  36. 
Nicholson,  Quart  Joum.  Geol.  Soc.,  vol.  xxiv.  pi.  xx.  figs. 
9,  10,  11. 

Polypary  rarely  exceeding  a  couple  of  inches  in  length,  straight, 
rigid ;  rapidly  expanding  to  a  maximum  width  of  one-teuth  of  an 
inch.  Virgula  distally  prolonged,  HydrothecsB  24  to  28  to  the 
inch,  inclined  at  an  angle  of  about  30^,  contracting  slightly  in  the 
direction  of  the  aperture,  the  margin  of  which  is  oblique,  concave 
and  ornamented  with  a  minute  spine. 

This  species  is  remarkable  among  those  of  the  Halli  group  in  the 
shortness  of  the  polypary  and  in  the  constancy  with  which  the 
virgula  is  distally  prolonged.  The  length  of  this  extension  varies 
from  one-half  to  more  than  the  whole  of  that  of  the  polypary  itself, 
and  communicates  a  very  distinctive  aspect  to  the  species. 

The  dorsal  margin  of  the  polypary  is  straight,  except  at  its  proxi- 
mal end,  where  the  small  portion  carrying  the  sicula  and  the  first 
four  or  five  hydrotbecse  is  usually  bent  a  little  inwards.  The  sicula 
itself  is  always  very  conspicuous,  and  the  polypary  springs  out 
almost  immediately  to  its  full  diameter. 

The  hydrothecaa  differ  slightly  in  appearance  according  to  the 
variation  in  the  direction  and  amount  of  compression.  Each  is  a 
narrow  tube,  of  which  the  length  is  about  five  times  the  width — with 
lateral  margins  either  straight,  or  having  the  slight  and  elegant  double 
curvature  of  the  majority  of  the  species  of  the  Halli  group.  There  is 
an  apparent  diminution  in  width  in  the  direction  of  the  aperture,  which 
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18  placed  Kt  right  angles  with  the  axis  of  the  tbec&.  It  is  >  litttl 
concave,  mid  iU  uut?r  iiiigle  fomie  a  slight  deoticle,  Tvhich  is  pro- 
longed in  n  short  and  slender  spine  Ij'iiig  in  the  same  piano  as  da 
orifioe  iloelf. 

From  M.  GalaensU  this  Bpocies  ia  effectually  aepamt^d  by  the 
form  and  size  of  the  polypary,  the  prolongation  of  the  virguia  and 
the  details  of  the  liyilrotheae.  From  the  variety  next  to  be  de- 
ecribed  it  differs  ofaiefly  in  the  farm  of  the  hydrothecK  aod  id  tbui 
funoiint  of  overlap. 

Localitf). — Bare  in  the  Riocarton  Beds  at  EUiotsfield,  Sbankoid, 
and  Uicoarton. 

V*B.  DUBiPs,  Suees.     Plate  XX.  Fig.  10. 

Graptolithna  eolonw,  liarraude ;  Graptulitea  de  Boh&me,  pL  if. 

fig.  6. 
Graptolilhut  duliue,  Suese;  Bohmische  Graptolithen,  Taf.  ix. 
fig.  5  a,  6  b. 

Polypary  straight  and  rigid,  four  or  five  inches  in  length,  ud 
with  a  maximum  diameter  of  one-twelfth  of  &□  inch.  Virgnla 
ilistally  prolonged.  Ilydrotheoe  20  to  2S  to  the  inch,  ineliDod  >t 
an  angle  of  from  30^  to  40°,  in  contact  for  less  than  one  half  of  their 
length ;  short  and  broad  tubes  expanding  slightly  in  the  direction  of 
the  aperture,  the  mai^a  of  which  is  concave,  oblique,  &nd  betrs  t 
ininute  spine. 

Id  the  youtig  state  the  polypary  in  this  variety  closely  re- 
BiMiiUos  tlmt  of  M.  colunus  in  f^ize  and  shape.  Adult  example! 
are  comparatively  narrower,  and  the  maximum  diameter  is  attained 
very  slowly.  The  chief  peculiarities  of  the  variety  are  afforded  bj 
the  character  of  the  hydrothec^.  Each  is  a  stout  tube,  of  which  the 
length  is  abont  twice  the  transverse  diameter.  In  some  views  then 
is  a  fallacious  appearance  of  contraction  in  the  direction  of  the  hpa- 
tui-e,  but  all  well-preserved  specimens  show  the  peculiar  eipansioa 
in  the  central  portion  of  the  thecs  common  to  many  forms  of  the 
JTimngeri  group.  When  flattened  obliquely,  the  edge  of  the  aperture 
is  seen  to  transgress  for  a  great  distance  upon  the  body  of  the 

Ceriderm,  so  that  the' orifice  must  have  been  very  broad.  There  ia  » 
lunt  denticle,  which  is  Bometiraes  ornamented  with  a  minute  spine. 
Prof.  Suese'  original  example  seems  to  have  been  in  a  very  poor 
state  of  preservation.  He  figures  and  describes  it  in  an  inverted 
position,  believing  the  distal  extension  of  the  virguia  to  be  radicular. 
Locality. — Common  in  the  higher  zones  of  the  Biocarton  Beds  at 
Biccarton  and  Hindhope. 

EXPLANATION  OF  PLATE  XX. 

FlOB. 

1  a — e    Munograplm  loiifma,    M'Coj,  trpicol    form.      1  a.  i,    distal   portioo : 

1 1,  d.  vsr.  Hicati,  Euk.,  pmiunal   end ;  1 1.  vit.  mUltptiui,  IC'Cot. 
Dobba  Linit. 

2  a — h    ManogTaptia  B*eki,  Buraode.    2  a.  proximal  extremity  of  tlie  more  rMenl 

farm.    Heigle  Quarrr.     2  6.  central  portion  of  broad  bilateral  example, 

magn.    Fienchland  Bum. 
,        So— «    JUimoffraplut  Ctingani,  Qait.    3a.  b.  adutt  example.    Se.  young   foim. 
fc-  J-'  Dobbt  IJnn. 
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MonograptuB  runeinatut,  Lapw.  4  a.  h,  central  portion  of  bilateral  specimen* 
Mount  Benger.  4  0.  dL  fully  developed  fragment.  Olenkiln.  4^.  younff 
example  showixijg  normal  mode  of  development.  4/.  ditto,  with  modified 
ficnla.    4^.  initial  portion  of  bilateral  specimen*    Mount  Benger. 

Monograptut  Barraniei,  Sueas.  5  a.  6  ^.  proximal ;  be,  bd,  distal  portion. 
Bnckholm. 

Monograptua  sxiguutf  Nich.    6  a.  b.  full-grown  example.    Caddonfoot. 

7  •— «    Monogmtptui  erisput,  Lapw.    7  a.  complete  polypary ;  7  b.  proximal ;  7  e. 

distal  portion.    Meigle  Hill. 

8  • — d    Monograptut  FUmtngit^  Salter.     8  a.  b.  proximal  '^%c,  d,  distal  fragment. 

Riccarton. 

9  a — d    M<mograptu»  colomtt,  Barrande.    9  a. — d,  typical  fonn.    Elliotsfield. 
10  f — g    Ybt,  dubiutf  &Q0Ba.    Riccarton. 

11 « — b    Cgrtograptus  Oragia,  iMpw,     11a.  nat.  size;  11&.  magn.     Penwhapple 

Glen.    (ColL  Mrs.  W.  Gray.) 
12  a — 0    JHmwrpkograpttu  flongatui,  Lapw.     12  a.  nat.  size ;  12  6.  magn.    Dobbs 

13 « — d    Dimorphograptua  SwansUmi,  Lapw.      ISa.b.  nat  size;    Ide.d.  magn. 
Coal-pit  Bay.    (ColL  Wm.  Swanston,  Esq.) 


L — Cataloouk  of  the  Wjbstebn  Scottish  Fossils.  Compiled  by 
James  Abmstbono,  John  Young,  F.G.S.,  and  David  Bobkrt- 
soN,  F.G.S.  With  an  Introduction  on  the  Geology  and 
Paleontology  op  the  District.  By  Prof.  Young,  M.D. 
(Glasgow,  1876.) 

ONE  result  arising  from  the  peripatetic  nature  of  the  meetings  of 
the  British  Association  is  the  publication  of  handy  guide-l^oks 
of  the  antiquities  and  natural  history  of  the  district  around  the 
various  places  visited,  such  as  those  prepared  for  Bristol  and  Belfast, 
and,  this  year,  for  Glasgow, — in  each  case  by  the  energy  and  exer- 
tions of  the  local  scientific  men,  and  by  the  liberality  of  the  Local 
Committees  of  the  cities  visited.  The  guide-book  for  Glasgow  has 
been  arranged  in  three  separate  volumes,  viz.  the  antiquities,  the 
zoology  and  botany,  and  the  geology,  which  latter  forms  the  subject 
of  our  notice. 

Under  the  modest  title  of  a  Catalogue  of  Western  Scottish  Fossils, 
the  authors  have  given  a  vast  amount  of  information  on  the  geo- 
logical structure  of  the  West  of  Scotland,  concisely  treated,  with 
numerous  bibliographical  references,  and  copious  lists  of  localities 
from  which  fossils  may  be  obtained,  so  as  to  form  a  really  useful 
hand-book  to  the  geology  of  the  district 

Already  Messrs.  Armstrong  and  Young  had  published  in  1871  a 
catalogue  of  the  Carboniferous  fossils,  and  Mr.  D.  Robertson  his  list 
of  the  fauna  of  the  Glacial  period,  which  may  be  said  to  form  the 
nucleus  of  the  present  work,  in  which  the  information  is  brought 
down  to  the  present  time,  by  newly  prepared  lists  of  the  fossils 
obtained  from  all  the  deposits,  from  the  Silurian  to  the  Glacial 
indnded, — no  light  task,  considering  the  limited  time  at  their  dis- 
posal, and  the  evident  amount  of  labour  and  care  which,  they  have 
bestowed  on  the  preparation. 

Not  only,  however,  have  the  editors  drawn  largely  from  their  own 
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labours,  biit  they  gracefully  acknowledge  tbo  reailioess  with  whidi 
many  friondB  undertook  every  trouble  by  which  the  wdrk  of 
cMiupUatioti  might  be  lightened,  and  fullness  and  occaracy  secured. 
AmoDg  theae,  may  be  specially  mentioned  Mr.  C.  Lapwortb  (wfaoM 
ooutributious  to  the  Gboi/i9icil  Ma(J4zinb  are  well  known),  who  ha» 
not  only  written  the  summary  of  Silurian  stratigraphy,  but  enhanced 
Uie  value  of  the  volume  by  the  addition  of  four  platee  of  GraptolitM^ 
ftnd  a  table  (p.  2)  showing  his  view  of  the  relation  of  the  Siloriu 
noks  of  the  eastern  districts  with  those  of  Lanark,  Ayrshire,  and 
their  English  equivalents.' 

The  Introduction  by  Prof.  John  Young  is  a  useful  Eummary  of  tha  | 
Geology  and  Palssontology  of  tho  West  of  Scotland,  and  is  m,  i 
attempt  to  translate  into  history  the  geological  details  uf  the  district 
although  the  writer  feels  it  contains  some  views  not  likely  to  reoeiTS 
general  acceptance.  Mr.  John  Young  Iiaa  prepared  the  preltminaij 
sketches  of  the  Old  R«d  and  Carboniferous  formations,  and  the  nolei 
on  the  distribution  of  Carboniferous  fossils ;  Dr.  Bryoe  has  written 
the  notice  of  the  Jurassic  strata  of  Kaaaay  and  Stye  ;  and  Mr.  Bobert- 
Bon  the  chapter  on  the  post-Tertiary  deposits  and  their  eontaioed 
fossils.  Mr.  Armstrong  has  compiled  the  chief  lieita  of  fbaeils,  which 
together  amount  to  about  2000  species.  Of  these,  S60  are  Silurinn, 
including  100  Graptolites,  C  Devonian,  86&  Carboniferous,  325 
Jurassic,  12  Tertiary,  and  436  poat-Tertiary  eipeoi^.  Mr.  Arroatrong 
has,  further,  superintended  the  general  revision  of  the  work. 

Tlio  work  is  well  printed,  and  ivill  be  a  vnliiaMe  addition  to 
geoli^oal  litet«ture,  as  affording  a  compendium  of  the  geology,  u 
well  as  of  the  minerals,  rocks,  ^d  fossils  of  Western  Scotland,  and 
fully  justifies  the  remark  in  the  preface — that  the  Local  Executive 
Committee  deserve  the  thanks  of  all  students  of  science  for  the  wise 
liberality  with  which  they  have  entered  on  this  publication,  and 
thus  secured  what  privat«  means  could  not  have  easily  accomplished 
— a  record  of  Scottish  Geology  and  Palseontologj',  which  will  be  a  per- 
manent memorial  of  the  Glasgow  Meeting  of  the  British  AseociadoD 
for  1876. 

n. — "Thb  PHYaiOAL  Geogbaphy  ot  the  Gbeat  Inoiam  Dksekt."' 

GLACIATION  now-a-days  absorbs  so  much  research  that  we  seldom 
have  opportunities  of  noticing  eSbrts  to  trace  the  connexion  be- 
tween an  existing  state  of  things  and  that  which  immediately  pre- 
ceded, in  countries  where  there  is  no  room  for  glacial  speculadon — 
at  least  with  regard  to  their  later  geological  conditions.  Mr.  Elan- 
ford's  paper,  besides  its  novelty  in  this  respect,  is  a  valuable  record 
of  observation,  though  \\a  getJogical  interest  might  escape  atteutioa 
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ej  of  ScoClocd,  and  a  paper  ^j  Mr,  J.  D.  BroKn  in  TnM. 
Edin.  Gcol.  Soc,  vol.  ii.  pp.  227,  316  and  377. 

'  On  the  FhvEic&l  Geography  of  tlie  Great  Indian  Desert,  with  special  refaranM 
to  the  former  eiiBl«ncD  af  the  tev.  in  the  Indus  Valley,  and  en  tbe  origin  and  moda 
of  formation  of  tbe  Simd-hillB.  £j  W.  T.  Blaufoid,  F.E.S.,  Asiatic  Sac  fieogil, 
T0J.xlf.pt.ii.    1876. 
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amoBgat  the  diversity  of  subjects  to  which  the  Asiatic  Society  of 
Bengal  devotes  itself. 

Two  sabjeets  come  into  consideration  in  dealing  with  the  Physical 
Geography  of  the  Indian  Desert — the  zoology  of  the  region  and  its 
veoent  geological  history.  Mr.  Blaaford  adduces  the  connexion  be- 
tween the  zoology  of  India  and  the  fauna  of  Africa  and  the  Mascarine 
islands  in  support  of  the  idea  that  India  formed  part  of  a  great 
tropical  continent.  An  even  more  extended  connexion  is  further 
mentioned  as  having  characterized  the  life  of  the  upper  Palsaozoio  (?), 
Mesozoic,  Tertiary  and  later  periods ;  identical  species  amongst  the 
flora  of  these  earlier  and  Secondary  times  having  been  found  in 
Australia,  Sonthem  Africa,  and  Jndia  (to  which  might  have  been 
added  England,  Bhagistan,  and  China) — while  there  have  been 
three  distinct  Tertiary  migrations  into  India  of  animals  having 
African  affinities ;  two  groups  of  these  having  been  earlier  immi- 
grants than  the  other. 

Another  circumstance  noticed  is  that  the  peninsular  region  of 
India  presents  no  similarity  in  a  geological  point  of  view  with  the 
Himalayan  tract,  or  the  countries  west  of  the  Indus  or  east  of 
the  Bay  of  BengaL  To  this  there  is,  however,  one  exception  in 
the  occurrence  of  some  Damuda  rocks  on  the  flanks  of  the  Eastern 
Himalaya.  How  far  the  observation  may  coincide  with  any  sup- 
posed continental  extension  of  India  in  Secondary  times,  when 
similar  species  of  plants  grew  over  so  large  an  area  of  the  eastern 
hemisphere,  is  scarcely  apparent.  But  perhaps  the  author  would 
not  carry  the  continental  conditions  so  far  back  upon  the  evidence  of 
the  plants,  and  may  advocate  these  conditions  for  a- more  recent  period 
only,  but  still  the  identity  of  forms  in  the  fossil  flora  of  Peninsular 
India,  South  Africa,  China,  Australia,  etc.,  seems  opposed  to  the 
utter  geological  isolation  of  Peninsular  India  pointed  out. 

With  reference  to  this  Peninsular  region,  it  is  also  stated  that, 
"  wherever  remains  of  sedimentary  beds  are  found  "  "  of  any  age 
from  the  dawn  of  life  to  the  present  day,  they  consist  with  but  few 
and  local  exceptions  of  rocks  which  have  been  formed  in  all  proba- 
bility on  the  surface  of  the  land."  This  appears  at  first  a  rather 
strong  statement,  but  contains  within  itself  a  qualifying  allusion  to 
the  fact  that  large  formations  among  the  older  sedimentary  rocks  of 
Peninsular  India  are  unfossiliferous.  Ere  this,  Mr.  Blanford  has 
saccessfully  contended  for  the  sub-aerial  origin  of  the  '*  Deccan 
Traps,"  though  the  mode  of  their  extension  over  thousands  of  square 
miles  as  horizontally  bedded  igneous  rocks  in  local  sheets  uncon- 
nected with  volcanic  cones,  has  never  been  explained  :  but  it  is  an 
entirely  new  idea  that  so  much  of  the  sedimentary  rocks  of  the 
Peninsula  of  India  as  the  passage  quoted  would  seem  to  say  have 
also  been  formed  an  kmd. 

Being  somewhat  outside  the  subject  of  the  paper,  or  remotely  con- 
nected, it  is  not  stated  by  what  agency  the  beds  have  been  deposited 
— whether  by  rivers,  or  land-locked  or  inland  waters  other  than  the 
sea.  If  the  supposed  continental  conditions  are  relied  upon  here, 
the  author  would  antedate  them  further  than  we  thought  at  first 
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The  existence  of  AUrine  CretnceoUH  rocks  at  widely  sepi 
intervals,  near  ordistantfroiu  tbe  coast, is  amon^^the  locnl  exoeptloiH  1 
admitted,  and  in  view  of  the  great  terrestrial  changes  advocated.  tlM 
fact  wotild  seem  elrong  enough  to  sustain  a  doubt  as  to  the  oti 
Bedimentary  formations,  which  contain  no  fossil  evidence  to  the  a 
trary,  having  been  deposited  on  land. 

Turning  to  the  more  local  subject  of  the  paper. — after  descrilnDp 
at  some  length  the  physical  characters  of  the  Dosert,  its  Zoology  ami 
Botany,  the  author  notices  the  occurrence  of  depressions  in  the  mi- 
face  of  the  Desert,  and  among  its  sand-hills,  usually  filled  after  ruD, 
and  sometimes  permanently  with  brackish,  saline,  or  salt  water.  TU 
ground  being  itself  salt  aconnnte  for  the  saltness  of  most  of  tbew 
ahands  or  pools.  Of  two  highly  saline  localities  referred  to,  one,  the 
furthest  from  the  sea,  appears  to  be  the  Panchpndder,  an  intei'estiDg 
account  of  which,  and  its  700  salterns,  was  given  by  Sir  Alexanilei 
Bumea  in  an  early  volume  of  the  Bengal  Asiatic  Society's  Jounisl,' 
the  soil  although  far  inland  being  clearly  indicated  as  the  source  of 
the  brine.  The  other  locality  ia  near  the  river  Narra,  or  old  eastern 
arm  of  the  Indus  Delta,  said  to  have  discharged  itself  throngh  the 
Btmn  of  Katch  and  the  Koree  estuary  near  Lukput,  before  the  great 
earthquake  of  1819.  In  some  of  the  dhanda  near  the  Narra,  Mr. 
Blsnford  found  living  a  m.irine  Mollusc — Polamideg  (Piriaeila) 
Zayordi,  H.  Ad. — precisely  like  the  snnie  species  living  now  on  the 
coast  of  India.  'ITie  conclusion  arrived  at  is,  Ihat  this  MolluM 
must  have  inhabited  the  tract  now  occupied  by  sand-hills  siid 
dhands  when  this  was  in  direct  communication  with  the  sea,  and  thst 
the  saltness  of  the  soil  of  the  country  is  due  to  its  having  been  the 
bed  of  the  sea  or  of  an  inlet,  the  sand-hills  themselves  having  been 
formed  on  the  margin  of  the  inlet  or  lagoon,  which  was  probably 
partly  filled  np  by  accumulations  of  blown  sand.  Further  argument 
for  the  presence  of  the  sea  over  this  coualry  is  drawn  from  the  con- 
dition of  the  Eimn  of  Kutch  lying  about  100  miles  to  the  southwsnl 

In  the  Geological  Survey  of  India  Memoir  npon  the  Kutch 
district  (vol.  ix.  part  1)  the  water- worn,  probably  sea-worn,  form  of 
some  of  (he  islet  shoi'ea  of  the  Ruun,  auil  Lruditioua  tut  to  its  bavii^ 
in  former  times  been  navigable,  are  mentioned  to  support  the  in- 
ference that  it  was  once  submerged  and  afterwards  slightly  elevated 
(of  course  together  with  adjacent  regions).  This  snbmergence 
would  probably  have  admitted  the  sea  to  the  valley  of  tb«  Luni 
river,  whence  it  is  thought  part  of  the  salt  of  the  Runn  is  derived, 
and  near  the  upper  part  of  which  Fancbpadder  is  situated.  With 
regard  to  the  sand-hills  of  the  Desert,  Mr.  Blanford  cannot  agrra 
with  Sir  Bartle  Frere  that  they  may  be  due  to  earthquake  aotioni 
Those  lying  at  right  angles  to  the  course  of  the  prevalent  winds  trs 
accounted  for  in  the  same  way  as  the  small  ripple-marks  commonly 
observable  upon  the  surfaces  of  blown  sand  ;  but  others,  the  longcit 
direction  of  which  coincides  with  that  of  the  prevailing  winds,  pre- 
sent more  difliculty.  Three  modes  of  explaining  the  ocourrenoo  of 
these  are  given — first,  that  they  are  the  ultimate  results  of  tbs 
foimatioQ  of  CTeBceiil-eb«.p«d  eand-hills,  the  cnaps  of  which,  tnvelliiig 
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liMter  than  the  rest,  united  and  became  prolonged  into  a  ridge; 
second,  that  the  sand  is  carried  along  in  lines  by  the  wind ;  ami 
third,  that  these  coincident  ridges  have  been  left  by  winds  having 
swept  out  parallel  valleys  through  a  mass  of  sand-hills  formerly 
snanged  normally  at  right-angles  to  its  direction. 

To  sum  up,  the  author  concludes,  first,  that  in  recent  geological 
times  the  Runn  of  Eutch  was  part  of  a  sea  inlet  extending  up  the 
Indus  valley  and  Luni  river-basin ;  second,  the  central  portion  of 
the  Indian  Desert  about  Jaysalmir  and  Balmfr  was  not  covered  by 
the  sea^  but  formed  either  an  island  or  a  promontory ;  and  third,  that 
the  sand  of  the  Desert  is  mainly  derived  from  an  old  sea-coast,  and 
its  transport  into  the  interior  is  due  to  the  south-west  wind. 

The  author  writes  of  course  from  personal  observation,  and  the 
paper  displays,  as  might  have  been  expected,  an  intimate  acquaint- 
ance with  both  the  zoological  and  geological  circumstances  of  the 
legion.  W. 

nL — ^Thi  Yobkshibk  Lias.  By  Balph  Tats,  A.L.S.,  F.O.S.,  and 
J.  F.  Blakib,  M.A.,  F.G.S.  Illustrated  by  19  Plates  of  Fossils, 
a  Qeologically  Coloured  Map,  Sections,  and  Woodcuts.  8vo. 
(London,  1876  :  John  van  Voorst.) 

rE  volume  now  before  us  is  devoted  to  an  account  of  the  Strati- 
graphical  details  and  Palsdontology  of  the  Liassic  Formation 
of  Yorkshire.  Upon  taking  a  general  glance  through  it,  we  feel 
inclined  to  think  that  if  the  Qeology  of  every  portion  of  the  British 
Islands  were  described  and  illustrated  in  similar  detail,  there  would 
be  but  little  work  left  for  the  geologist  of  the  future  ;  and  the  num- 
ber of  volumes  too  would  somewhat  have  overcrowded  the  book- 
room  of  most  of  us.  Nevertheless,  we  are  well  pleased  with  the 
appearance  of  this  work — its  type,  arrangement,  and  illustrations  are 
good ;  and  if  it  had  only  been  blessed  with  an  Index,  we  could  have 
found  no  outward  and  visible  fault  with  it.  This  omission  in  a  work 
embracing  so  much  detail,  and  whose  value  must  largely  depend 
upon  its  facility  for  reference,  is  indeed  grievous,  and  we  cannot 
help  remarking  upon  it  at  once. 

Hitherto  British  geology  has  been  chiefly  illustrated  in  two  ways, 
fintly,  by  detailed  descriptions  df  certain  geographical  areas,  as  in 
the  Memoirs  of  the  Geological  Survey,  and  secondly,  by  detailed 
descriptions  of  certain  classes  of  organic  remains,  as  in  the  Mono- 
graphs of  the  Palseontographical  Society.  The  tracing  out  of  the 
stratigpiaphical  phenomena  and  the  illustration  of  the  life  history  of 
the  rocks,  when  combined,  form  certainly  the  natural  method  of 
recording  the  geological  history  of  our  country.  We  could  have 
wished  that  the  entire  development  of  the  Lias  had  been  described  in 
the  volume ;  but  this,  while  it  would  certainly  have  detracted  from 
the  original  character  of  the  work,  would  probably  have  placed  even 
greater  difficulties  than  the  authors  have  experienced,  in  the  way  of 
publishing  a  volume  which  necessarily  appeals  to  a  somewhat  limited 
number  of  readers. 

The  Lias  as  exposed  in  Yorkshire  forms  a  persistent  band  from 
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lledcnr  to  the  ehi>r6B  of  the  Huniber  with  several  inlying  tracts,  bnt 
apparently  no  outliers.  Tha  authors  have  carerolly  traced  out  the 
liiDundariea  of  its  three  diviaions,  Upper,  Middle,  and  Lower  Liui 
and  these  are  coloured  on  a  map  drawn  to  tlie  scale  of  half-an-inch 
to  a  mile,  which  aouowpaniea  their  voltime.  Tlie  Bheetic  beds  an 
eo  feeblj  developed  that  they  have  not  been  able  to  eeparate  them 
from  tlie  Lower  Lias  on  the  niap. 

The  first  part  of  the  work  commeaoes  witli  a  general  account  of 
the  range  of  the  Liftssio  strata  on  the  CondneDt  and  British  Islec 
Notices  <if  the  literature  of  the  Yorkshire  Liaa  are  given,  and  iU 
range,  extent,  and  general  characters  are  then  pointed  out.  The 
relations  with  the  Inferior  Oolite  are  also  discussed. 

One  chapter  is  devoted  to  an  Historical  Sketch  of  the  Discoveij 
and  Industrial  Applications  of  the  Cleveland  Main  Seam  ;  the  bed> 
of  Jet  and  Jet-workiiig  receive  due  attention,  as  likewise  do  tlis 
faults  and  the  basaltic  dyke.  The  bulk  of  Part  I.  is,  however,  taken 
up  with  the  minute  account  of  the  strata  and  their  fossUs,  of  which 
latter  a  Bjnoptjcal  table  is  given. 

The  zones  described  in  the  Lower  Lias  are  those  of  Ammonita 
planorbif,  A.  angalalut,  A.  Bucklandi,  and  A.  oxynottu. 

Oppel's  Eone  of  A.  Tumeri  is  included  in  that  of  A.  BucUandt, 
because  the  species  associated  with  it  are  common  forms  in  the  latter 
zone.  Nor  do  the  authors  find  sufficient  paltecntologic&l  reasons  fis 
adopting  the  zones  of  A.  obtiuut  and  A,  raricostatui,  the  latter  in- 
cluding part  at  leitet  of  what  they  coll  the  region  of  A.  armafm,  ami 
include  in  the  Middle  Lias. 

In  the  Middle  Liaa  they  recognize  the  zonea  of  A.  Jameioiu,  A. 
eaprieoi'Ttut,  A.  magantatiu,  and  A.  tpinalui,  but  include  Oppel's  zons 
of  A.  Ibex  with  that  of  A.  Jamettmi^  The  Upper  Lias  is  described 
under  the  zones  of  A.  armulatut,  A.  gerpentintu,  and  A.  commaaU. 
The  junction-beds  with  the  Inferior  Oolite  are  described  as  the  zone 
of  A.  Jiirentis,  and  from  these  they  exclude  the  Blea-Wyke  (some- 
times called  Blue  Wick)  beds. 

In  their  concluding  chapter  the  authors  draw  attention  to  the 
nature  and  origin  of  the  Yiirksbire  Lias.  No  portion  of  the  beds 
was  in  their  opinion  deposited  in  very  deep  water,  but  they  find 
two  distinct  oreas  pessessing  distinct  features,  and  which  separatioD, 
begun  in  early  Liassic  times,  appears  to  have  continued  througbont 
the  Jurassic  epoch,  being  exemplified  by  the  characters  of  the  Lower 
OoliteB.  and  the  development  of  Corallian  and  Portlondian  strata. 

In  lithological  characters  the  Lias  is  very  variable,  and  yet  its 
great  thickness,  and  complete  representation  of  every  portion  in  one 
form  or  another,  make  the  Yorkshire  series  a  better  exemplification  of 
the  whole  deposits  of  the  period  than  can  be  found  in  any  otlier 
locality.  The  great  feature,  as  they  remark,  is  the  palfeontology,  and 
the  determination  of  those  zones  of  life  which  puzzle  the  naturalist 
and  sometimes  raise  the  scepticism  of  the  field-geologist.  The  caose 
of  these  life-zones  they  cannot  explain.  The  change  of  Ammonite- 
furms  is  not  due  to  the  surrounding  physical  agencies  that  are 
observable,  but  to  some  others  which  have  left  no  indication  of  their 
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action.  It  is  tnie,  as  they  observe,  that  we  have  no  proof  that  the 
animals  of  a  zone  in  one  locality  were  coeval  with  those  of  the  same 
sone  in  another,  though  the  succession  may  be  the  same.  Never- 
theless, whatever  interpretation  we  put  upon  the  facts,  they  remain 
of  great  interest.  Their  determination  requires  long  and  patient 
research,  and  has  an  important  bearing  upon  the  development  of 
life ;  but  we  cannot  help  remarking  upon  the  fact  that  the  zones 
adopted  by  Messrs.  Tate  and  Blake  differ  considerably  from  those 
determined  by  Dr.  Wright  in  the  south-west  of  England,  while  the 
palaBontologic^l  line  between  the  Lower  and  Middle  Lias,  always 
the  most  unsatisfactory  of  geological  divisions,  differs  considerably 
from  that  taken  by  Mr.  Judd  in  the  Midland  district. 

Part  II.  is  devoted  to  Palaeontology  proper,  or  the  description  of 
the  Liassic  fossils  of  Yorkshire.  Each  author  has  here  devoted 
himself  to  particular  portions  of  the  work.  Mr.  Blake  describes 
the  Beptiles,  Fishes,  Gephalopods,  Insects,  Crustacea,  Echinoderms, 
Aotinozoa,  Porifera,  and  Foraminifera ;  while  Mr.  Tate  has  given 
his  attention  to  the  other  Mollusca,  the  Annelides,  and  the  Plants. 
The  new  species  and  some  others  are  figured  in  the  nineteen  plntes  of 
fossils  which  accompany  this  volume.  Mr.  Blake  has  treated  the 
Ammonites  as  a  family,  and  adopted  the  Oerman  method  of  splitting 
up  the  series  into  genera  under  distinct  names,  a  plan  which  cer- 
tainly does  not  seem  to  us  to  confer  a  benefit  upon  the  student,  who 
would  gladly  have  less  names  to  remember  by  the  amalgamation  of 
species  and  genera. 

The  volume  is  a  valuable  contribution  to  geological  literature, 
and  reflects  every  credit  upon  its  painstaking  authors. 


IV. — BeCHBRCHES   sub   LE   TeBRAIN    CBtTAOfe    SUPEBIBUB    DE    l'An- 

OLETSBBE  ET  DE    l'Iblande.      Par    Chables  Babbois,  D.Sc. 
(Lille,  1876.) 

IN  a  Memoir  of  more  than  200  pages,  accompanied  by  a  coloured 
map  and  sections,  Dr.  Barrois  has  given  us  the  result  of  his 
researches  on  the  Upper  Cretaceous  series  of  England  and  Ire- 
land. Many  valuable  papers  on  the  White  Chalk  have  appeared  by 
Mantell,  Phillips.  Woodward,  Godwin-Austen,  Meyer,  C.  Evans, 
Whitaker,  and  others  in  England;  Hel>ert,  Mercey,  De  Lapparent, 
Potier  and  D'Arcbiac  in  France;  but  no  general  and  elaborate 
risumd  has,  we  believe,  appeared  on  the  subject.  Prof.  Hebert  has, 
however,  given  his  views  of  the  classification  of  the  Upper  Chalk  in 
a  paper  read  before  the  French  Geological  Society ;  *  and  has  also 
compared  the  Palseontological  Zones  of  the  Dover  Chalk  with  the 
divisions  of  the  Chalk  in  the  Paris  basin.  The  object  of  the  work 
by  Dr.  Barrois  is  to  trace  from  an  examination  of  the  coast,  as  well 
as  inland  sections,  both  the  Lithological  and  Stratigraphical  as  also 
the  Palseontological  characters  of  the  Upper  Chalk  (C^nomanien, 
Turonien,  and  Senonien)  of  England  and  Ireland ;  from  which  it 

>  Boll.  Sac.  66o1.  France,  3  s^.  t.  iii.  p.  595 ;  t.  ii.  p.  416;  ihid  2  s^.  t.  zx. 
p.  605 ;  t.  xyi.  p.  149  ;  t.  zzix.  p.  453. 

DBCADB  II. — TOI«   III.'KrO.  XI.  ^"^ 
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of  ibe  tttacfiaal  liMa  of  dw  ban  of  HMBpihii* 

AonortfefaHtaof  hm;  ban  wUA  it  a}i|«sl>  tfcattbmu* 
ptMciyI  antieliinb  id  BcmiMlitr^  wkidi  ue  pnmllel  U  Mcb 

>,  ^k^  ^wi^  nf  Kiii^»4.«.,  Il»t  nf  WiiwJ— tw,  «h1   tfalt  oT  tlw  U* 

it  aad  PsitMck.     !■  McpMing  thoe  whb  tfae  nmlnlitiMii «( 

■  of  Pam,  d»cnln^  b;  H.  Hebert  md  otbn 

^Mvnu  oonatden  that  tlw  first  i«  ccincidieat  witli  or  a  fonloiigk* 

i  tf  tha  ftzu  of  Ailois,  tb«  teooad  «nth  tbat  of  tbe  nlley  of  ^ 

*  '  ^  and  tbe  third  wilh  tbkt  of  finj. 

A  miilar  tnalnent  ii  adopted  in  tks  ehaplM-  on  fbe  bani  «f 
LomJon,  the  Kocinri  f*rt  d**eriliiiig  iLe  causes  which  have  IrroiTglil 
alxiat  Ihe  variitiuns  iif  the  CL&lk  of  that  region,  eiiber  anterior  In,  c* 
oontemporaoeoiia  with,  or  po«erior  to,  it«  deposition  ;  followed  by  « 
description  of  the  denudation  and  the  effects  which  have,  with  the 
prerji-juB  oscillations  irf  the  enrface.  produced  tiie  general  phjrKKol 
(eatureii,  and  tiie  formation  of  b&sins  and  valleys.  The  Chalk  of  the 
Xurlh  of  England  and  that  of  Ireland  forms  tbe  subject  of  the 
next  two  chapters ;  the  furmer  de^ribing  the  Chalk  of  Lincolnsbin 
and  Yorkshire,  and  its  oomparison  with  that  of  Xorfolk.  Tib 
northern  div-ision  is  also  considered  comparable  with  the  Cretaceou 
strata  of  North-west  Germany,  and  therefore  somewhat  oualogmu 
in  this  respect  with  the  Lower  Cretaceous  strata  (Speetoa  beds)  of 
Yorkshire,  as  shown  by  Mr.  Jndd.    v 

Tbe  Chalk  of  Ireland  is  fully  described,  both  as  regards  its 
different  litliological  character  and  according  to  its  different  zooes 
and  contained  fossils,  of  which  the  following  lable  is  a  reatiiai.  show- 
ing their  comparisona  with  that  of  England,  from  which  it  appear* 


^ 


that  in  Ireland  there  a 
Fecten  aiper. 

IBKLAMI). 

A.  White  Chnik  with  aiuta 
S.  Ditto 

C.  CUwitic  Clmllt    

D,  Cfaluritic  Sund  and  Ssadtit 


3  CrelaceouB  beds  older  than  the  i 


IS  of 


BalatlBr  aabgiahoaitt 


I  Tunmia 
I     Ca>o- 
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From  the  facts  described  in  the  preceding  chapters  of  the  work, 
Dr.  Barrois  concludes  that  the  English  Chalk  is  composed  of  a  cer- 
tain nmnber  of  zones,  equally  characterized  both  stratigraphically 
and  palsBontoIogically,  as  shown  in  the  table  given  at  pp.  222-23, 
and  here  reproduced  (see  Table,  pp.  516-517),  and  that  these  sub- 
dlTisions  can  be  compared  with  those  established  for  the  Chalk  of 
ihe  basin  of  Paris  and  the  North-west  of  Oermany.  All  this 
region  formed  one  climatic  zone,  and  has  been  subjected  to  the 
same  general  moyements  of  the  surface,  both  before,  during,  and 
after  the   Cretaceous    epoch.      The    movements  anterior  to  this 

rh  hare  bearings  with  the  fonnation  of  the  Cretaceous  basins, 
posterior  movements  have  determined  the  foldings  of  the 
■trata;  and*  that  these  foldings,  both  in  England  and  on  the  Con- 
tinent, hare-  a  relation  in^  direction  to  much  earlier  dislocations, 
■bowing  that  the  same  movements  of'  the  surface  have  been  re- 
peated at  long  intervals.^  Further^  these  foldings  have  consider- 
ably influenced  the  effects  of  posterior  denudation ;  the  rivers  of 
the  north  of  the  basin  of  Paris  flow  in  the  great  Cretaceous  undu- 
lations, as  those  in  the  basin  of  Hampshire  at  the  Quaternary 
epoch ;  the  rivers  in  the  South  of  England  flow  in  the  transverse 
dislocations* 

Although  some  of  the  conclusions  of  Dr.  Barrois  on  the  corre- 
lations of  o^iain  divisions  of  the  Ctetaceous  rocks  may  not  be 
entirely  accepted  by  his  brother  geologists  in  England,  yet  they 
must  admire  the  industry  of  the  young  French  geologist,  necessary 
for  the  production  of  this  memoir,  and  the  careful  and  philosophic 
tfjpmt  with  which  the  subject  is  treated,  the  result  not  only  of  his  own 
teaearches,  but  from  a  full  acquaintance  with  the  literature  of  the 
snbject,  to  which  he  constantly  refers  and  quotes  from  throughout  his 
paper,  and  in  which  some  of  his  previous  opinions  are  modified ;  for 
this,  although  the  most  extensive,  is  not  his  first  notice  of  the  Chalk 
of  England.' 

"We  have  had  personal  opportunities  of  seeing  the  careful  and 
systematic  manner  with  which  Dr.  Barrois  observes  and  collects  in 
the  field,  the  result  not  only  of  a  thorough  interest  in  his  work,  but 
possibly  also  of  a  previous  good  training,  and  in  this  respect  he  is  a 
worthy  pupil  of  an  equally  worthy  and  energetic  teacher, — Prof.  J. 
Grosselet,  to  whom  this  memoir  is  dedicated^  and  which  must  form  a 
necessary  addition  to  the  library  of  every  student  of  Cretaceous 
Geology. 

1  Page  lis.  "  Ondulations  de  la  Craie  dans  le  sud  d'Angleterre,"  Ann.  Soc. 
Qiol.  an  Nord,  t.  ii.  p.  85.  Dr.  Barrow  has  explained  the  bearings  of  these  undu- 
fartioiif}  of  the  Chalk  on  the  proposed  Channel  Tunnel  in  two  letters,  published  in  tlie 
B^Tue  Scientifique,  April,  May,  1875.  See  also  M.  Hebert,  Bull.  Soc.  Geol.  France, 
2fl^r.  t.  xxix.  p.  583;  ibid.  3  8cr.  t.  iii.  p.  512. 

•  Description  g6ologique  de  la  Craie  de  I'lle  de  Wight,  Paris,  1 875.  See  also 
Ann.  de  la  Soc.  ueologique  du  Nord,  Lille,  1874,  1875. 
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Sens,  Vol  L  FWrt  m.    1S76. 

r[S  tliini  pan  of  ihe  Keir  Series  of  Proc«.iings  <»aip!«l«  tbe 
Tohmie,  whidi  in  «ize  aad  ■algect-niano'  nill  bear  retr  &toct- 
idtle  oomfMuiwo  with  tbe  PTOoeedu^  of  otfao-  local  \«titral  H»tury 
&oc«eti««.  It  mun^lleTB  in  tU  506  pages,  and  ia  well  i!lt^ti^e<i  vitli 
plai««  and  woodcnts.  The  impiwTemeat  over  the  old  series  i^  we 
believe,  lu^j  dtK  to  the  energ}-  of  Mr.  K.  B.  Tawne;.  F.G.Sl 

In  this  part,  Mr.  Sloddart  oc«itinTies  hi*  accoant  of  tbe  geolo^  of 
tbe  Bristol  Coal-field,  treaiiiig  of  the  Carboniferoo*  Bocks— -tbe  Car- 
boniferotu  Shales,  the  Uoontsin  Limestone,  Millstone  Orit,  and  Coal 
Measures.  Althoogh  so  mnch  has  be«n  written  npon  the  [Ajsical 
sirucinre  of  this  district,  the  pal»oiitol<^  has  hitbeito  by  qo  meam 
received  adetjoale  attention,  ao  that  the  liBta  of  fossils  famiahed  bj 
Mr.  Sl'^ddart  form  a  most  valuable  addition  to  our  knowledg«. 

Mr.  Tawney  contribntea  some  nsefal  and  snggeetive  notes  on  Prot 
Itenevier's  Geological  Nomenclature  and  Table  of  Sedimentary  Bocks; 
he  has  also  taken  up  the  vexed  qneation  of  the  ^e  of  the  Canningtoa 
Park  Limestone,  and  both  his  personal  obKerrations  on  the  rock  aad 
the  fossils  be  has  obloined  lead  him  to  advocate  its  Carboniferous  sg*. 

Mr.  J,  G.  Grenfell  deecribes  and  illustrates  in  two  well-esecated 
plates  Home  Carbooiferoas  Encrinites  from  Clifton  and  Lancashire. 

Accounts  are  recorded  of  excursions  to  Wells  and  Glastonbury,  to 
Ilminster,  and  to  the  Yate  RocVs;  and  tbe  volume  concludes  with 
an  obiluary  notice  of  Williftm  Sanders,  whose  loss  to  local  students 
of  scieuoe  is  particularly  felt 
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FOSSIL  PALEOZOIC  INSECTS.*. 

Sib, — ^In  Mr.  Henrj  Woodward's  recent  paper  on  a  new  and 
remarkable  Orthopterous  Insect  (Liihomaniis  carbanarius)  from  the 
Coal-Measnres  of  Scotland  (Quart.  Joum.  Geol.  Soc.  Lond.,  1876, 
Tol.  xzxii.  p.  60,  pi.  ix.),  is  given  a  list  of  known  Palaeozoic  fossil 
forms,  to  which  I  would  venture  to  make  some  slight  additions. 
Most  remarkable  to  my  mind  is  the  constant  discovery  of  close 
relationship  between  the  ancient  forms  of  Insect-life  in  Europe  and 
America,  which  Mr.  Woodward  has  been  one  of  the  most  conspicuous 
in  pointing  out.  I  shall  add  as  another  fact  tending  in  the  same 
direction  that  my  Megathentomum  and  Goldenberg's  Acridites  are  but 
two  closely  allied  species  of  one  genus. 

Allow  me  to  observe  that  Archtmylacris  is  a  Carboniferous,  not  a 
Devonian  type  (see  my  paper,  Gbol.  Mao.  1868,  Vol.  V.  p.  177),  and 
that  my  Mylacria  is  not  a  Neuropterous,  but  an  Orthopterous  type. 
Tfc.  Woodward  cannot  have  seen  Goldenberg's  Fauna,  Sarapontana 
fosBilis  (1873),  or  its  predecessor  the  Jahresbericht  Gymn.  zu  Saar- 
brucken  (1867),  in  which  a  Blattina  Tischheinii  is  described. 

I  venture  to  send  what  I  believe  to  be  a  complete  list  of  the  Car- 
boniferous Insects  of  America  arranged  by  families. 

List  of  Desckibed  American  Insects  from  the  Carbonifebous  Fobmation. 

obtuopteba. 

1.  Blattina  venuata,  Lesq.,  2nd  Rep.  Geol.  Ark.,  p.  314. 

2.  „      Seeri,  Scudd.,  Can.  Nat.  (n.s.),  vol.  vii.,  p.  272. 

3.  „      bretonensiSf  Scndd.,  Can.  Nat.  (N.8.^,yol.  vii.,  p.  271. 

4.  „      iepultOf  Scudd.,  Proc.  Am.  Asso.  Aav.  Sc,  vol.  xxiv.,  p.  111. 

5.  Mylacri$  anthraeophilum,  Scudd.,  Geol.  111.,  vol.  ill.,  p.  568. 

6.  ArchimylaerU  ae»dieum,  Scudd.,  Daws.  Acad.  GeoL,  p.  388. 

7.  P  Mantis  ip.  Scudd.,  Geol.  111.,  vol.  iii.,  p.  567. 

8.  Areh$gogryllu8 priMOM^  Scudd.,  Proc.  Bost.  Soc.  Kat.  Hist.,  vol.  xi.,  p.  402. 

KEUBOPTEBA. 

9.  Miamia  Bron$oni,  Dana,  Sill.  Joum.  ^2),  vol.  xxzvii.,  p.  34. 

10.  „     Dana,  Scudd.,  Geol.  111.,  vol.  lii.,  p.  566. 

11.  Seineriitia  oecieUntalia,  Dana,  Sill.  Joum.  (2),  vol.  xxxvii.,  p.  34. 

12.  CreMtote$  lapidta,  Scudd.,  Geol.  111.,  vol.  ill.,  p.  667. 

13.  Megathentomum puttulatum,  Scudd.,  Geol.  111.,  vol.  iii.,  p.  570. 

14.  Ephemeritea  simplex^  Scudd.,  Greol.  111.,  vol.  iii.,  p.  571. 

15.  „     gigaa^  lb.  p.  571. 

16.  „      affiiiit,  lb.  p.  472. 

17.  LiMlula  eardonaria,  Scudd.,  Proc.  Am.  Asso.  Adv.  Soc.,  vol.  xxiv.,  p.  IIC. 

18.  HaplophlebiU'n  Bamcuii,  Scudd.,  Daws.  Acad.  Geol.,  p.  387. 

19.  Faolia  vetusta.  Smith,  Sill.  Joum.  (3). 

ABACUNIDA. 

20.  Arthrolyeosa  antiquaf  Harg.,  Sill.  Joum.  (3),  vol.  vii.,  p.  219. 

21.  Arehilarbu9  rolundatua,  Scudd.,  Geol.  111.,  voL  iii.,  p.  5tt8. 

22.  Eoteorpiua  earbonarius.  Meek- Worth.,  Sill.  Joum.  (2),  vol.  xlv.,  p.  25. 
28.  Mazonia  TFboi^taMa,  Meek- Worth.,  Geol.  111.,  vol.  iii.,  p.  563. 

MYBIAFODA. 

24.  Xylobiut  nyillaria^  Daws.,  Quart.  Joum.  Geol.  Soc.  Lond.,  vol.  xvi.,  p.  268. 

25.  „     iimiiis,  Scudd.,  Mem.  Bost.  Soc.  Nat.  Hist.,  vol.  ii.,  p.  233. 

26.  „     fraetut        „      lb.  p.  234. 

27.  „      Laiowni,     „      lb.  p.  235. 

^  The  publication  of  this  letter  has  by  accident  been  delayed,  owing  to  the  temporary 
loss  of  the  original. —Edit.  Geol.  Mao. 


A-TaA^  SOL  Joan.  (2;,  toL  iIt^  p.  *S. 


Of  tb«Mv  Ko.  8  is  llw  only  ob*  whidi  bss  sot  yet  been  figand, 
y  S*.  19  1  amatu  BOW  Im  i^  hand  00  tbe  paper  Dontaining  the 
Iweripliu*.     Il  >|ipaai«d  Joa^  ae-ran  or  ei^bt  years  ago. 

Ko*.  fi.  T.  •,  JO.  11,  II.  IS,  19,  SO.  21/22.  23.  29.  wid  30  some 
to*  Ihe  InaiUM  nadales  ot  MaaoB  Cnnk,  im-u-  Murria,  Illinou. 

Nw.  11,  low  16.  CDOM  from  shal«,  dmt  Uoms,  UL 

Ma  1  ooue*  fttw  Fng  B«yoa,  Aibnsu. 

Ket.  2,  S,  1.  £,  IT,  anJ  18.' come  &vKn  C^te  Breton. 

Ko&  24  to  S8  oofB*  &t>u  SigQluuii  Bl«m|)«  at  the  Jt^gina.  Kon 
IboIm.    No.  8  ODUM  faom  TiUm*d£«,  Ohio. 

loiaa,  CAA.  Sam.  H.  Sccoon. 


SiK. — I  rend  vith  iottrest  Mr.  WooJwvH's  paper  on  an  Onhop- 
■Tons  Innct  &1MB  tfae  Coal  (m« Qnatt.  J(Hira.G«ol.  Soc  Lund..  18TS. 
roL  xxxii.  p.  60,  pi.  ix.),  a&d  I  take  tlie  liberty  lo  direct  aUcDtionta 
nr  pap«r  00  FMtiX  Biattidit  (in  der  Yienetjahrzclirift  der  tubnrr 
llMiirfoarch.,  GeaeUarlMft.  ^xil.  tz.  IS64,  p.  273).  In  it  arc  ee*«nl 
pecie*  omitted  from  lb.  Waodwkrd'B  list,  tiz,  : 


AAhAm.  Rkt,    ..    XisDcbad],  ThimBna. 

«(irtir*r*.H*.r 

■II  from  tbp  CftrboDireroue  period.  BJaltina  helrtiim  is  also  fignre<1 
in  my  ■'  Primaval  World."  p.  20  (Engli^  Edition,  jiiet  publisbed, 
London.  Longmaaa).  Da.  Osttald  Heek,  Psor. 

FUETHEE   DISCOYEBIES   OF   OSSTFEEurS   CAVEES3   IX   NEW 

SOrTH  WALES. 

Sra.— I  inclose  letter  from   tbe  Editor  of  the   "  BatLurst  Fres 

Press,"  and  part  i"if  ,■-  ui-wsini'.'i    r -.■.:.: '.-  'u  x\f  .i!~>.\.v.  r\  ■■:"  u:-k.<^ 

company  with  the  late  Prof.  A.  H.  Tliomson  with  such  happy 
resulta.  I  have  seen  some  bones  and  t«eth  said  to  havo  been 
foimd  there,  and  these  are  all  referable  to  the  extinct  fauna  of  the 
Wellington  Valley.  I  would  have  gone  np ;  bnt  siuce  the  discoTeiy 
became  known,  all  our  srimiific  ignoti  are  interfering,  and  lave 
requested  the  TnisteeB  of  the  Auatralian  Mnseom  to  take  the  maU«r 
in  hand  1  Perhaps  I  shall  have  an  opportunity  to  examiae  more 
Bpecimens  soon,  and  will  let  you  know  the  result. 

AcsTUALiAX  Hdbevii,  Gkbabd   KBirrT, 

CcKATOit'a  Offici,  Sydmiy,  Cnrator  Anstnliu  Muaeom, 

Augtat  btk,  ISTS. 
From  the  inclosures  in  Mr.  Erefft's  letter,  we  leam  that  mml 
I  Thil  note   (tocher  vith  Prof.  Scadder'9  commuiucstion]  hai  been  Dninteii- 
tiooalljr  omitted,  tiis  orifinal  haTiog  be«D  accidentally  lost,  and  onlj  now  rM»>ered. 
Bus.  Qua..  Had. 
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large  oaybs  containing  fossil  remains  have  been  disoovered  in  tbe 
limestone  oountry  between  Cowra  and  Canowindra,  on  tbe  road 
between  these  two  places,  and  between  70  and  80  miles  from 
BathuTst  The  description  of  the  caverns  differs  in  no  wise  from 
those  of  other  limestone  districts  where  streams  have  dissolved  more 
or  less  extensive  chambers  in  the  softer  limestone,  these  chambers 
being  connected  bj  narrow  passages,  and  lying  at  different  elevations 
with  regard  to  each  other.  The  caverns  are  large,  and  decorated 
with  stalactites.  The  roof  of  one  chamber  in  the  principal  cave  is 
said  to  be  from  80  to  90  feet  high,  with  some  12  or  14  openings 
leading  into  other  cavities.  They  are  stated  to  descend  from  300  to 
400  feet  beneath  the  surfiEtce.  Nearly  all  the  caves  and  chambers 
have  their  floors  composed  of  a  thick  layer  of  osnferous  breccia 
apparently  quite  undisturbed.  Only  one  cave  seems  to  have  been 
dangerous  from  "  ehoke-damp.**  The  writers  are  very  enthusiastic 
as  to  their  discoveries,  and  propose  to  explore  another  cave  reached 
by  a  shaft  100  ft.  perpendicular.  We  trust  that  no  lives  will  be 
lost  in  this  somewhat  Quixotic  fit  of  cave-hunting,  and  shall  look 
forward  with  interest  to  Mr.  (Jerard  KreflEt's  report  on  the  bones 
from  this  extensive  series  of  caves  and  fissures  in  New  South  Wales. 
— ^Edit.  Qxol.  Mag. 


GLACIAL  ORIGIN  OP  LAKE-BASINS. 

Sib, — ^I  fear  the  points  of  difference  between  Mr.  Hugh  Miller 
and  myself  are  hardly  such  as  can  be  cleared  up  in  the  compass  of  a 
letter,  but  yet  I  should  like  to  make  one  or  two  remarks  on  his 
paper,  because  I  still  think  we  are  to  some  extent  misunderstanding 
one  another.  My  letter  (p.  376)  was  chiefly  devoted  to  the  reason- 
ing in  Mr.  Fisher's  paper  (p.  253) ;  the  paragraph  alluding  to  Mr. 
Miller's  letter  (p.  287)  was  simply  intended  to  call  attention  to  a 
defect  in  his  reasoning  (where  he  now  admits  that  he  did  himself 
injustice)  and  to  guard  against  what  seemed  to  me  a  misconception 
of  my  argument.  An  unfortunate  printer's  error,  or  slip  in  writing  in 
my  manuscript  (it  was  not  possible  for  me  to  revise  a  proof),  made 
my  meaning  less  clear  than  it  should  have  been.  Expanded,  this  is 
what  I  intended  to  imply — "  Suppose  you  prove  that  a  certain 
number  of  small-sized  sheets  of  water  (to  avoid  ambiguity  we  will 
say  such  as  Grasmere,  or  less)  are  most  easily  explained  by  the  hypo- 
thesis of  glacial  erosion,  it  does  not  follow  that  very  large  and  deep 
sheets  of  water  (such  as  Gomo)  are  most  easily  explained  by  tbe 
same  hypothesis."  The  first  paragraph  of  Mr.  Miller's  letter,  and 
parts  of  the  second  and  third  on  page  287,  appeared  to  mean  that  he 
claimed  to  reason  from  the  examples  which  he  quoted  to  those  cases 
which  I  have  always  disputed ;  and  in  his  paper  (p.  463)  he  seems 
to  still  maintain  this :  **  It  appears  to  me  that  no  halting-place  can 
logically  be  found  by  those  who,  with  Sir  Charles  Lyell,  allow  only 
some  mountain  tarns  to  Prof.  Bamsay's  demand  for  lakes."  It  is  this 
which  I  dispute.  Perhaps  the  halting-place  may  not  be  impregnable 
to  an  attack  on  the  destructive  'Sorites'  method;  but  in  science 
and  in  every-day  life,  we  are  constantly  obliged  to  take  our  stand  on 


J&.  JB.  Stktridfe. 

Uowa  Mud  enide«.a: 

M  -atniaa^  in  ttie  nature  rX  tte 
MsapeUdaon  ■  sbeei  of  t>vk 
lij  a  lid.  am  1  to  amibuw* 
of  heraie  jtntfai  in  pre-Homeiie 
I  ai7  kMv  thit  tb*  iJeiKb  GiMier  KUBtMtts  the  llari«la 
^B,  nd  fet  AmU  tbeMUcaoa  of  a  «Mt  ioB-faamd  lake  in  Nortbm 
~  h  OHk  H  it  ann*  to  ae,  natt  be  aepanteljr  jnds^j. 
toaU  the  MmiaaiWin;  drewialaTicea.  Fromtlkiapmi' 
nw  MBMiDwlj  neadad.  I  admit  some  turu.  I  wl  mil, 
_WIW  liiMMiwi  (fag  wwna  wfajdi  I  bsTe  Bt«Liiil).tuiu« 
fi^Ucdah'  la  ba  tin  ^ork.  wbaQj  or  in  i^'eat  part,  of  ico.  1  maaol 
•Miert  iImI  iea  kas  baoi  van  t!am  a  fee;  Mooadaiy  ^ent  ia  funi- 

I  ilill  vMtlBm  ts  (Uak  Aat  Ur.  HUler'a  reaaonii^  (p.  453)  do« 
)t  ie«o»»  ika  '*'^*-^y  iA*d  I  ha««  brangfat  fortnrd  as  to  the 
naa  af  dw  A^p*aa  vallaya  abore  tbe  gi«at  lakes.  I  baT«  tried  to 
MOT  tkat  llwra  tta  glritir  ia  m  mtarlf  at  fottAU  pa«i«ri«»  as  nu 
:«i«i«B  ancl,  or  M  ai^  nte  that  it  haa  onlf  sapcrficiall  j  roixli^eii 
I,  wkiBb  ««  ■S'**  i>  aMiiiialiii^  iritk  Uu?  actioD  of  running 
'.  The  ^aoor  liaa  all  aldag  been  "  indentnred  "  in  a  groove,  but 
i&  haa  beeo  a  tkovoo^ilj  idle  apprentice,  till  eonie  cnaae.  t 


^cnnaaent  than  the  merter's  stick,  baa  qnUtkened  it  into  iot«nae  but 
Wtef  eaetgr.  Oatnch  TjagMW^  Brians,  tbe  Eonig  See,  and  mm; 
otbets.  are  vale-cim fined  glackrs :  so  ire  the  greater  parts  of  mao; 
other  Inti^  Bit  wiih  regartl  to  th-;-sr  ilifficuUies,  I  must  conteni 
mj-Heir  by  referring  to  what  I  have  already  written. 

One  more  point ;  for  I  do  not  attempt  tocriticize  Hr.  Uiller's  speciil 
Scotch  case,  a»  I  have  DOt  examined  the  tiistrict.  The  Alps  cannol 
be  expected  to  give  much  indication  of  the  evidence  of  profile  which 
Mr.  Miller  demands.  Plains  of  marine  denudation  cannot,  bo  far  u 
I  know,  be  recogniaed  there.  I  am  not  aware  that  the  eea  has 
flowed  among  their  summita  since  a  period  prior  at  least  to  the 
Jaft  threat  movement.  Mountain  contours,  in  the  regions  of  most 
lakes  that  I  have  mentioned,  are  bo  irregular  that  we  cannot  hope  to 
recognize  clearly  these  curvatures  in  them,  any  more  than  in  thdr 
distuibed  strata.  It  is  a  point,  however,  which  I  have  not  overlooked 
in  my  investigations,  and  may  say  that,  while  I  have  found  nothing 
in  tliis  respect  opposed  to  my  theory,  I  have  observed  a  few  things 
making  for  it  slightly,  bnt  so  slightly  that  I  preferred  not  to  bring 
them  Ibrward.  T.  O.   Bokhky. 


CAEBOSIFEEOUS  AND  POST-TEETIAfiY  POLYZOA. 
Sir. — In  the  Geological  Magazine  for  October,  1873  (Vol.  X. 
p.  433).  I  proposed  the  name  Carinella  for  a  new  genus  of  Carboni- 
ferous Polyzoa.  I  find  that  this  term  was  pre-occupied,  having  heen 
used  by  the  late  Dr.  Johnston  for  a  genua  of  recent  Nemertidiaii 
Annelids  (see  Mcintosh,  Annals  Nat.  Hist.  187-1,  vol.  siv.  p.  154),  and 
I  sm  therefore  desirous  of  proposing  in  its  place  that  of  Goniociadia. 
1  described  one  ap«n«B  ^G.cell(UifeTQ.')Ah«'enlY  one  at  present  known. 
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Uaoconochie  obtained,  some  short  time  aisoe,  nnmerons  speoi- 
f  a  Membrampora  from  the  Post-Tertiary  bedp  (Carse  S^ee) 
River  Forth  above  Stirling.  An  examination  showed  that 
closely  related  to  Ml  Lacroixii,  but  not  quite  identioaL  Ex- 
were  forwarded  to  Prof.  Busk,  F.B.S.,  who  considers  it  a  new 
,  and  has  done  me  the  honour  to  name  it  after  me.  The 
Dg  is  hia  description  i^Afembranipora  Etkeridgii,  n.  sp. — 
"  Zoascia  disposed  in  r^ular  quin- 
cuncial  order.  Apertures  entire,  ord 
or  oblong.  Border  thin,  finely  grsnn- 
lar,  unarmed.  Each  aperture  sur- 
monnted  by  a  blunt  tubercle.  At 
first  sight  resembles  JH.  Laeroixn,  but 
differs  in  the  perfectly  regular  dispo- 
sition of  the  zoftcia  and  t£e  presence 
of  the  aibgle  tabercle  above  each 
aperture.  This  tabercle  does  not 
appear  ever  to  present  the  appearance 
■of  an  epening.  The  growti  forms 
jace-like  expansions  on  the  surface  of 
shells."  Loe.  ancf  Sorizoa,  Qoodie 
Water,  near  its  junction  with  the 
etc  ;  Biver  Forth  near  Mid  Frew,  and  other  localities  in  the 
jurhood  of  Eippen,  Perthshire,  in  Carse  shelly  clays  of  the 
Beach  series.  B.  Ethebidgk,  Jnn. 

HEOEOH,  Oe(.  ll,187fl. 

THE  "  8ARSEN  STONES." 
—With  reference  to  the  fact  of  the  Sarsden  or  Sarsen  Stones  of 
ire  being  perforated  here  and  there  with  nnmerous  vertical 
irks,  as  mentioned  in  No.  138  of  Qkol.  Maq.,  December,  1875, 
permit  me  to  add  that  I  have  seen  other  suoh  specimens  since 
te,  and  especiany  near  Marlborongh,  and  at  Avebury  in  Wilt- 
Among  the  "  Grey  Wethers  "  on  the  Chalk  Down,  near  the 
place,  I  lately  saw  some  good  ezHmples ;  and  on  a  visit  to 
y,  I  partionlarly  noticed  that  one  of  the  enormous  upright 
1,  standing  among  the  ricks  of  the  farms,  abounds  with  theae 
^rpendicular  rootlet-holes,  together  with  numerous  horizontal 
stems  and  other  plants-remains.  T.  Bt;PSBT  Johbs. 

:owN,  Stpt.  20, 1S76. 


FORMATION  OF  BOCK-BASINS. 
—In  respect  to  the  challenge  thrown  down  to  me  in  yonr  Inst 
r  by  my  friend  Mr.  Hugh  Miller,  I  should  have  been  very 
intented  to  have  left  my  defence  in  the  hands  of  so  able  a 
Dn  as  Mr.  Bonney.  But  lest  my  silence  should  be  interpreted 
mating  a  lack  of  courtesy  aa  weU  as  of  oouiage,  I  respond  to 
Bonal  appeal  which  is  now  made  to  me. 
r.  Miller's  article  is  rightly  understood  by  me,  I  gather,  that 
irepared  to  admit  the  overwhelming  probabilities  in  favour  of 
iv  Uiat  the  formation  of  the  great  Alpine  lakes  is  due  to  tha 
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'  combined  action  of  subaorial  erosion  and  subterranean  movoment,  he  ' 
I  finds  two  obstacles  to  bis  acceptance  of  tbe  Bame  esplanatiou  in  the 
,  oese  of  certain  smaller  lakes.  Most  happy  should  I  be  if  an;  remarki 
■  of  mine  sufficed  to  meet  tbe  difB.culties  expressed  hy  eo  candid  t 
.   nasonerasUr.  MUler. 

Hia  first  argument  is  propounded  by  Ur.  MiUer  in  the  followiflg 
terms:    "It  appears  to  me  that  no  halting-placo  con  logically  le 
I  found  by  those  who,  with    Sir  Charles    Lyell,  allow  only  -  some 
mountain  taras '  to  Prof.  Kamsaj's  demand  for  lakes  ;  that  either  a 
I  glacier  is  inadeqaate  to  hollow  even  a  bim,  or  tbat  it  can  enlarge  it 
I  to  any  reasonable  proportions."     Need  I  point  out  to  my  friend  that 
I  averytbin^  in  tliis  coatroversy  depends  on  tbe  sense  tbat  we  oietn 
'   ftttacb  to  this  highly  elastic  phrase  "  reasonable  proportions."     If  aiiy 
'  ©ne,  for  example,  were  found  bold  enough  to  suggest  that  tbe  roei- 
,    basins  of  tbe  Black  Sea,  or  tbe  two  occupied  by  the  Mediterranean, 
>   or  the  larger  ones  which  bold  tlie  Atlantic,  Pacific  and  Indian  Oceaoe 
I    respectively,  were  scooped  out  by  glaciers  {and  really  one  would  not 
be  surprised  at  anything  being  claimed  for  ice-action  at  the  preseol 
^y),  of  course  Mr.  Miller  would  admit  that  these  were  beyond  "  ret- 
<   BonabJe  proportions,"  to  be  produced  by  such  a  cause.     Yel  it  woold 
:    certainly  be  as  easy  to  adduce  a  series  of  rook-basins,  constituting  sn 
. insensible  gradation  from  a  Scotch  loch  up  to  oven  the  largest  ei- 
\  unples  which  I  bave  cited,  as  it  would  be  to  construct  a  similar  seriM 
^idoiwnwarda  into  tbe  tiniest  tarn.     There  ia  surely  no  mor«  wantnf 
logic  in  stopping  at  one  point  rather  than  at  another  in  this  perfectly 
graduated  aenes.     5Iy  own  fiiith  in  llio  jKiwera  of  glacier  erosion  stops 
short  of  anything  that,  without  flattery,  could  be  called  "a  Ifike  "  at 
all;  some  are  gifted  with  powersof  belief  that  will  embrace  Cumb«r- 
land  meres  and  Highland  lochs  ;  more  strongly  constituted  minds  do 
not  pause  before  an  Alpine  lake ;  and  a  few  (but  these  must  be 
inspired  with  "  faith  tbat  could  remove  mountains  ")  have  claimed 
tbat  Lake  Superior  itself  may  be  "  glacier-formed."     I  cannot  help 
thinking  that  Mr.  Miller  will,  on  reflection,  perceive  the  fallacy  em- 
bodied in  the  oft-repeated  assertion  that,  granting  irregularities  of 
surface  may  be  produced  under  a  glacier,  all  that  is  required  for  the 
production  of  the  vastest  lakes  ia  a  sufficient  volume  of  moving  it*. 
Does  not  a  Highland  bum  wash  out  many  a  tiny  basin  under  its 
waterfalls,  and  at  other  points  in  its  course  ?    Yet  who  would  venture 
to  assert  that,  because  the  Mississippi  has  many  thousand  times  the 
volume  of  tbe  Highland  bum,  it  could  make  basins  mtuy  tboDsand 
times  aa  big? 

In  the  second  argument  raised  by  Mr.  Miller,  great  stress  is  laid 
npon  tbe  undisturbed  condition  of  tbe  so-called  Cambrian  beds  of 
Sutherland.  But  while,  as  compared  with  neighbouring  rocks,  these 
appear  "  nearly  horizontal,"  I  have  not  tbe  smallest  doubt  that 
when  tbey  come  to  be  carefully  studied  in  detail,  their  wonderful 
parallelism  and  regalarity  will  be  found — as  in  tbe  case  of  the  Alpine 
dolomites,  which  present  quite  as  regular  an  appearance  when  seen 
from  a  distance — to  be  a  mere  optical  delusion ;  and  tbat  these 
utaieat  masses  have  been  subjected  to  Seznres  and  fractures  not  a 
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few,  «ach  of  whicli  was  more  than  safficient  to  dam  up  the  drainage 
in  a  Highland  glen. 

Mr.  Miller  enggeets  that  "when  the  mechanics  of  glaciers  is  better 
known,"  it  will  appear  that  the  appetite  of  glaciers  for  digging  will 
grow  with  what  it  feeds  on.  Possibly  this  may  be  so ;  but,  as  the 
present  state  of  our  information  on  the  subject  leads  us  to  infer  that 
the  laws  governing  the  movement  of  rivers  of  ice  are  similar  to  those 
which  determine  the  flow  of  streams  of  water,  it  seems  to  me  that 
our  knowledge  will  have  to  be  very  much  bettered  indeed,  before 
such  a  proposition  stands  the  smallest  chance  of  general  acceptance. 

John  W.  Judd. 

ON  THE  SILURIAN  EOCKS  OP  SWEDEN. 

Sib, — In  the  August  Number  of  your  Maoazims  there  is  a  letter 
from  Mr.  Hicks  directed  against  me,  and  though  it  is  of  little  use  to 
discuss  with  Mr.  Hicks,  who,  instead  of  arguments,  usually  sets  forth 
only  assertions,  I  shall  say  a  few  words,  in  order  to  point  out  some 
mistakes  and  mis-statements  in  that  letter. 

When  Mr.  Hicks  in  the  beginning  of  his  letter  says,  "  that  Dr. 
liinnarsson  is  unable  to  put  forward  stronger  evidence  in  opposition 
to  these  [Mr.  Hicks']  views  is  clearly  a  powerful  argument  in  my 
favour,"  I  must  remark  that  my  letter  in  the  June  Number  (of  which 
here  is  the  question)  was  not  intended  to  be  a  critique  of  Mr.  Hicks' 
views  in  general,  but  only  to  refute  his  reasonings  in  the  letter  in- 
serted in  the  May  Number.  I  think  that  every  attentive  reader  will 
find  that  I  have  sufficiently  shown  their  weakness,  and  then  nothing 
more  can  be  required. 

Mr.  Hicks  now  seems  to  hold  it  at  least  possible  that  the  Para- 
doxides  beds  of  Sweden  represent  also  the  lower  parts  of  the  Mene- 
vian  beds,  but  then  he  adds,  to  my  astonishment,  that  **  there  is  no 
evidence  of  a  previous  fauna."  One  might  have  thought  that  Mr. 
Hicks,  from  what  I  have  written  in  the  April  Number  of  the  Geolo- 
GiOAL  Magazine,  would  have  known  that  there  are  below  the  Para- 
doxides  beds  two  faunas,  that  of  the  Fuooid  Sandstone,  and  that  of 
the  Eophyton  Sandstone. 

I  doubt  whether  Mr.  Hicks  knows  much  more  of  the  stratigra- 
phical  and  palsBontological  characters  of  the  oldest  Hnssian  beds. 
He  himself  says,  it  is  true,  that,  with  regard  to  the  Russian  beds,  he 
lias  ''  looked  to  the  general  order  of  the  deposits,  and  the  general 
character  of  the  fauna,  for  a  clue."  But  I  dare  say  that  it  is  my 
opinions  of  their  age,  and  not  his,  that  are  supported  by  *'  the  general 
order  of  the  deposits,"  and  that  hardly  any  one  who  has  the  slightest 
acquaintance  with  the  Swedish  and  Russian  beds  can  come  to  such 
conclusions  as  Mr.  Hicks  in  this  matter.  From  the  Orthoceras 
Limestone  down  to  the  Dictyonema  Schists  inclusively,  there  is  quite 
the  same  series  of  beds  in  the  Swedish  and  the  Russian  area,  and 
therefore  it  cannot  be  denied  that  the  Dictyonema  Schists  of  both  areas 
are  equivalent,  "  if  the  general  order  of  the  deposits,"  to  which  Mr. 
Hicks  has  himself  appealed,  is  to  be  relied  upon.  As  to  "  the  general 
character  of  the  founa,"  I  (and,  I  think,  geologists  in  general)  should 


126  Corrfspotiilciice — Mr.  G-  S.  Morion. 

wry  much  like  io  know  wliicb  are  the  foBsiln  of  tho  slratn  nnder- 
lying  thu  Dictyonema  Schists  to  which  Mr.  Hicks  refers  as  being 
"  Silurian  in  type  and  not  Cambrian."  To  me  the  eoauty  Icnowledgo 
)f  the  fauna  of  these  beds  does  not  seem  eufBtaent  to  warrant,  ^  «. 
k  oOQclusion  as  to  their  age.  Fortunatety.  tlie  sequence  of  the  stnUa 
pvea  a  good  clue.  The  Dictyoiienia  Schists  of  Sweden  are  very 
nearly  related  to  the  Olenus  Schists,  which  they  always  immedinlaly 
Dverlie,  in  eome  plnoee  seemingly  without  any  ^arp  line  of  deauLrcft- 
lion.  The  Olenus  Scbistii  of  Sweden  are  exfiotly  equivalent  to  lie 
Ungfula  Flags  of  England,  and  therefore  the  roclcB  iindcrlyii^  llie 
Rtiseiiau  Diotyonena  Schists  cannot,  at  least,  be  younger  than  llif< 
Lingula  Flags,  if  wo  are  to  judge  from  the  palseontological  evidencec, 
uid  from  the  sequenoe  of  the  strata. 

Mr.  Hicks  says  that  if  I  could  only  be  brought  to  recognise  bis 
views  of  the  gradual  enoroaohment  of  the  sea  from  a  we«teru  or 
KUtb-westeni  direction  over  tho  European  area,  I  should  certainly 
feel  none  of  those  diffioultieR  whieb  now  occur  to  ray  mind.  It  may 
be  so.  but  it  is  my  habit,  in  scientific  investigations,  first  to  rosbe 
myself  acquainted  with  facts,  and  then  to  proceed  to  generalizations. 
Even  if  Mr.  Hicks  may  think  it  more  proper  and  easy  first  to  fonn 
theories,  and  then  to  "disiwseof"  the  facte,  so  that  they  may  not 
interfere  with  the  theories,  I  cannot  help  thinking  that  the  opposite 
way  is  the  true  one,  and  that  the  knowledge  of  facts  must  forego  the 
(brmiDg  of  theoriea.  As  I — and  probably  also  your  readers — now 
bepn  to  feel  tired  of  the  paper  war  with  Mr.  Ilicks,  I  ^li^ill  not 
hereafter  pursue  it.  G.  Linmabssoh. 

SECTION  OF  BOULDER-CLAY,  NORTH  DOCKS,  LIVERPOOL. 

Sir, — As  a  natural  consequence  of  the  two  recent  letters  in  tlie 
Qeolooical  Magazine,  in  reference  to  the  Bouldcr-clay  recently 
exposed  in  the  new  dock  works  to  the  north  of  Liverpool,  I  beg  to 
hand  yon  a  copy  of  the  Eeport  I  sent,  as  a  member  of  the  Committ*e, 
to  the  Eev.  H.  W.  Crosskey,  F.G.S.,  Secretary  of  the  Boulder  Com- 
uiittee  of  the  British  Association. 

"  Recently  very  extensive  excavations  have  been  made  in  the 
Boulder-clay  at  Rootle,  a  northern  suburb  of  Liverpool.  The  site  is 
intended  for  new  docks,  and  extends  along  the  Kiver  Mersey,  being 
reclaimed  from  tho  shore  within  the  tidal  range.  Tbe  following  is  a 
section  of  the  Drift  deposits  that  have  been  exposed  continuously 
over  many  acres ;  but  tbe  thickness  of  each  varies  considerably  ac- 
cording to  position,  and  the  Middle  Sands  and  Gravels  often  thiii 
out  and  leave  the  Upper  Boulder-clay  reposing  on  the  Lower 
Boulder- clay. 

1.  Sand  and  Silt  of  the  old  shore 17  feot. 

2.  Ui)pCT-  Boiilder-rlay    15     „ 

3.  Middle  Sands  and  GrsTels        6     „ 

4.  Lower  Boulder-clay   6     „ 

(Ijunter  Saadatone) 

"  Tlie  whole  of  these  subdivisions  repose,  each  in  succession,  on  the 

Bunter  Sandstone  at  that  part  of  the  section  nearest  the  old  coast-line. 

"  The  Lower  Boulder-clay  contains  a  much  greater  quantity  of 
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imall  stones  than  tlie  Upper  Clay.  No  large  boulders  were  ob- 
lerred ;  bat  as  the  Lower  Boulder-olay  is  not  exhibited  to  any  con- 
dderable  depth,  it  may  possibly  contain  some  such  boulders. 

''  The  Middle  Sands  and  Gravels  consist  of  sands  which  frequently 
by  the  great  increase  of  rounded  pebbles  become  gravels  exactly 
resembling  those  at  Preston  Junction  and  Wigan  in  Lancashire,  and 
G-reaford,  Corwen,  and  Colwyn  in  North  Wales. 

**  The  Upper  Boulder-clay  contains  comparatively  few  small  stones, 
bat  many  large  boulders,  two  or  three  feet  in  diameter.  Many  of 
these  are  striated,  and  are  composed  of  a  dark  greenstone;  but  some 
are  Criffel  and  Eskdale  granite.  These  large  boulders  probably 
oooor  at  an  average  distance  of  twenty  yards  from  each  other.  A 
mass  of  compact  gypsum  about  4  ft.  in  diameter  was  also  observed. 

"  The  excavators  always  worked  the  Upper  Clay  with  a  spade,  and 
the  Lower  Clay  with  a  pick,  in  consequence  of  which  the  difference 
between  the  two  clays  could  be  distinguished  at  a  considerable  dis- 
tance, whether  the  Middle  Sands  and  Gravels  were  between  them 
or  not" 

I  may  now  add  that  for  many  months  during  the  progress  of  the 
excavation  the  section  was  of  the  clearest  possible  character.  Over 
an  area  of  many  acres,  the  Upper  Boulder-clay  had  been  removed, 
as  well  as  the  underlying  Sands  and  Gravels,  leaving  the  Lower 
Boulder-clay  untouched  except  where  it  rose  above  the  general 
level  intended  for  the  bottom  of  the  Docks.  In  such  instances  it  was 
directly  covered  with  the  Upper  Boulder-clay — though  the  line  of 
separation  was  invariably  clear  and  distinct  The  Middle  Sands  and 
Gravels  varied  continuously,  from  fine  and  coarse  sand  into  gravel 
and  pebble  beds ;  and  indicate  very  different  conditions  of  deposition 
compared  to  that  of  the  two  Boulder-clays.  In  conclusion  I  need 
only  remark  that  this  tripartite  division  of  Glacial  deposits  at  Liver- 
pool strengthens  similar  conclusions  in  North  Wales  and  Lancashire, 
and  proves  their  general  application  over  a  wide  area. 

122,  London  HoiJ>,  Liverpool.  Gbokgb  H.  Mobton. 


THE  GEAPTOLITIC  MUDSTONES  OF  THE  LAKE  DISTRICT. 

Sib, — Mr.  C.  Lap  worth's  argument  in  favour  of  the  Graptolitic 
Mudstones  of  the  Lake  district  being  Lower  Llandovery  would  be 
very  strong  if  there  was  a  physical  break  between  them  and  the 
overlying  formations,  but  this  is  not  the  case.  The  Mudstones  gra- 
duate upwards  into  the  pale  and  purple- coloured  slates,  which  in  their 
turn  graduate  upwards  into  the  Coniston  Flags,  and  so  upwards  into 
the  Bannerdale  beds.  From  the  base  of  the  Mudstones  to  the  top  of 
the  Bannerdales  is  one  conformable  series.  The  disappearance  of  the 
Graptolites  of  the  Mudstones  is  not  sudden,  they  are  found  in  the 
dark  bands  interstratified  with  the  pale  slates  to  the  very  top. 

I  do  not  believe  there  can  be  an  enormous  break  indicating  a  long 
lapse  of  time  without  there  being  some  signs  of  unconformity  or 
overlap  ;  in  this  case  there  is  none,  not  even  a  sharp  junction. 

Kkcdal,  20^;»  Oct,,  1876.  W.  Talbot  Avbluib. 
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Cmit^mmiimn    Jfr.  C-  J/odbntofA.— J/r.  S.  Parry. 
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in.  ujtDK  OS  ourr-searENCE.  aio)  mb.  uilne  on  cotsr-its. 

^  Sn.— Ib  mwwmn  Mr.  ll»llud  Beade's  letter  in  yoor  last.  I  on^ 
Jte  i*>*>  tku  1^7  atgin*  IB  nOng  attention  to  the  LiverpcMl  tMiaa 
—  *  *    '     '     V  tkHt  iha  Bridb-day  of  tbe  K.W.  of  Englaodu 

JtttC  AMUer-diqr  ;  and  that  it  ia  an  original 
1  bjr  the  tunnbcT  of  limeatone  p^-bbles  it  txa- 
■•  mUc  Bonitcbw  whicb  would  have  bwa 
1  jf  aot  •■MWd  bgr  «  proeras  of  r«-transportaliun.  tit 
'  Vt  iwrioa  doM  not  abow  tho  three-fold  division  clearlj, 
*  ««  tad  gi«««l-b*da  fvU  of  trratie  pebbles  which  iniut 
ft  V«alMd  0«t  cf  •  yw  Wih'a^  gtaeial  dag  (of  which  unlf 
~~  '  '  I  MMMn).  and  tbttr  atriffi  efTnoed  during  an  inter- 
B  the  tnMpOfMion  of  striated  etonea  bad  ceuei 
I*  llle^  pablkbed  tmo  vary  important  nrticlex  oa  sea-ice, 
dha  aitlcfc  I17  Mr.  Hibw^  which  1  think  may  be  regarded 
t  tiM  yaatiCM  lahtiTe  to  tk«  m^eriorihf  of  eoatt-iet  u  1 
napoitiif;  igaat,  aad  (witk  tfca  ttxaepttm  of  tbe  more  lypic^ 
^ .  idUa  MaHMaaJw)  M  »  ^ariating  ^eaL  That  floating  coaat-ioe  did 
jEmnt  of  tba  work  of  tnuiapoitetMwt,  and  (so  far  as  Rtouea  are  con- 
Mraad)  g:lac4atii.ia.  may  b«  mfely  inferred  from  tbe  glncial  phe- 
^oama  of  the  N.W.  of  England  an^  Wales,  as  I  have  endeavoond 
ito  Anw  m  many  aitidea  ia  this  Maouink,  and  in  the  Quart.  Jooro. 
HpaoL  80a  D.  MACKisioaOi 


HITIAS  SEMAISS  llEXEATn  BOrLDER-CLAY; 

Sir.— In   the  present   Xnmber  of  tbe    Geologic&l    HAOAZun, 

]\  476,  there   is  au    iustauoe  recorded  of  flint  iniplemeats,  mun- 

lualian  lK>iies,  eta,  found  in  Brick-earth  below  tho  Boulder-clay  in 

>:ast  Anglia. 

I  tboiigbt  it  might  ioterest  the  readers  of  the  Gbolooical  MAOAZH't 
sufficiently,  to  justify  me  in  rewnling  the  following  which  came 
under  my  notice  the  other  day  (16th  iusl.), 

While  some  men  were  eugayeJ  in  a  brick  pit  by  Toryd,  Ehvl, 
they  ilug  up.  from  a  depth  of  4  feet  of  slaty  clay,  a  human  skull 
wiih  four  teeth  attached,  a  rib  and  piece  of  shoulder-bone ;  above 
the  clay  is  a  thickness  of  3  feet  of  sand. 

I  am  not  competent  enough  to  assign  the  right  date  to  this  clay, 
hut  believe  it  to  be  older  than  the  Boulder-clay  which  is  very  plen- 
tiful ill  this  district  A  little  iulaud  from  the  above,  tbe  Boulder- 
clay  lies  in  a  great  thickness  above  tbe  slaty  clay,  with  a  band  of 
peat  and  trunks  of  trees  in  some  placo  intervening  ;  but  as  we 
approach  the  sea,  the  Boiilder-clay  is  wanting,  and  the  following 
Section  is  found : 

Soil        IfL    Sin. 

Shingle  with  ihelU       2        0 

Suad  with  shells  2        0 

SUlj  clBj  2        0 

Peat        3         0 

Slat]'  clajr,  depth  not  knoira. 

Saml.  Parbt. 
Ban,,  Oti.  na,  ISTe. 
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I. CoNTBIBUnONa  TO    THE    StUDY    OP  YOLOANOB. — SSOOKD   SbBIEB. 

By  John  W.  Judd,  F.G.S., 
Profetsor  of  Geology  in  the  Koyal  School  of  Mines. 

Oir   THS  YOLOANIO   OUTBUBSTS   VTHIOH  ACCOMPANIED   AND    FOLLOWED 

THE   FOBMATION   OF  THE  AlPINE   StSTEM. 

OF  the  amount  of  yertical  movement  which  took  place  in  the  great 
mountain  axis  of  the  Eastern  continent,  subsequently  to  the  de- 
position of  the  Eocene  strata,  the  following  facts  afiford  sufficient 
proof.  The  marine  Nummulitic  rocks,  besides  constituting  very  large 
portions  of  the  flanks  of  this  vast  mountain  axis,  and  of  its  connected 
chains,  such  as  the  Pyrenees,  the  Carpathians,  and  the  Caucasus, 
form  the  actual  summits  of  such  grand  Alpine  peaks  as  the  Diablerets, 
and  the  Dent  du  Midi,  rising  to  the  heights  of  10,670  and  10,531 
respectively  above  the  sea-level ;  while  in  Western  Thibet  the  same 
Eocene  strata  are  seen  raised  to  an  elevation  of  no  less  than  16,500 
feet  above  the  sea. 

But  even  these  measures,  vast  as  they  are,  supply  us  with  a  very 
inadequate  conception  of  the  amount  of  disturbance  to  which  the 
district  in  question  has  been  subjected  during  the  post-Eocene  epoch. 
In  order  fairly  to  realize  the  all-powerful  action  of  the  subterranean 
forces  at  work  in  the  later  Tertiary  periods,  we  must  examine  the 
enormous  beds  of  sand  and  pebbles  constituting  the  Lower,  Middle, 
and  Upper  Miocene  of  the  Western  Alps,  and  presenting  an  aggre- 
^te  thickness  in  places  of  between  7000  and  8000  feet — telling,  as 
they  do  most  unmistakably,  of  local  subsidences  of  not  less  than  that 
amount  with  subsequent  re-elevations  to  an  equal  extent 

It  is  only,  however,  when  we  come  to  examine  the  constantly 
highly  inclined,  the  frequently  vertical,  and  sometimes  greatly  con- 
torted and  even  inverted  positions  of  these  Miocene  rocks,  that  we 
are  fairly  impressed  with  the  magnitude  of  those  earth-movements, 
of  which  tliese  districts  were  the  scene  during  the  second  half  of  the 
Tertiary  epochs  These  facts,  of  which  we  find  such  striking  evidence 
in  Switzerland  and  the  Western  Alps,  are  equally  patent  to  the 
geological  student  in  Eastern  Europe.  In  the  Tsil  Thai  on  the 
flanks  of  the  Transylvanian  Alps,  for  example,  a  portion  of  a  vast 
deposit  of  Oligocene  strata,  consisting  of  clays,  sandstones  and  coals, 
with  a  thickness  of  between  2000  and  3000  feet,  has  been  bent  into 
a  sharp  synclinal  fold,  and  this  fragment  has  alone  eutvv^^  \k^ 

J>MCADM  n, — TOL.  UL — KO,  XII.  ^ 
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^        on  wbidi  litu  effuut^d  the  oomplete  remoral  of  e 
tnm  9tllh»  ttniU  of  tbv  Muna  age  from  the  whole  of  the  coa 


Bat  tiw  in  rMiwot  to  geologind  times  comp-iratively  moch  tnon 

iWMt.  w«  And  abundkut  eviileQc«  of  ibe  oocurreace  of  iuoveiii«iK 

U  soMMkraUe  extent,  if  of  1««8  violeuce,  in  this  portion  of  Ibe 

Mttb'S  erMt.    On  the  aoutbem  side  of  the  great  mounuin  uis. 

i        whew  dltlnitauea  aeem  to  have  been  prolonged  to  a  later  period 

L       Iftak  OB  ikk  MttlMni  iimtk>>^-  there  have  been  aubeidences  suQicieiit 

[       l»  Mmtl  •(  0*  ■eewnuUtit'U  of  mora  thau  3000  feet  of  PlioceM 

I        m  QlHblMHiiM  Mnl* :  e&d  these  Habaidences  have  been  foIloweJ  b; 

I        Vf^Mnuih  i^iok  wk  mna  points,    as  in   Sioily,   have  raised  &a 

mi^il  Uih  to  M^ts  v(  mor«  than  3000  feet  above  the  sen-lercL 

I        And  W*  npftl  ««  find  th«  evidence  iu  Eastern  Europe  quite  io 

•KM<i  vAk  Akl  fand  in  the  West.     For  example,  the  Coogeriin 

mA  ndtedjae  tlnie  of  SclaraiiMt  the  eqiiii-tdeota  of  the  Phooem 

«r  WMMm  Bwo|^  h»««  >  dw^ness  of  more  than  2000  feet;  ud 

tk>3  !■«•  hMH  ebaity  nl|t«et«i  to  Ter;  considerable  local  diatuHv 

WMW  Aari«(  Iten  ■vmMnto  of  vpfaeeTal,  throagb  the  agency  of 

«M*  A^  ««  aMrmMid  •!  tte  surbce. 

TW  viiB  In  fair»uonna  tiaea  Bwvententa  of  oo  insi^iGcmt 

timmmk  toett  |m%  «•  Wm  ilns  itQttdmt  evidence.  In  our  on 
«MHto»  wAi  dhilkM  w «l««aliea  cf  1400  feet  in  Moel  Trybn 
WfJt  nW  frft  ar  MacvtMfivId  Irll  of  subsidence  and  re-elevatinn 


J^rw^  tb*  ^--.Tt^V.'  0'-vi»I  jieri'>i,  of  wlii'-h  these 
w^»»«>»  t'Ju:L  Tbv  «T^<iBi.-«  3env>>l  fn>iii  the$«  marine  shellj  nt 
•iin4  cmm  aMnktuA  cut  «tt^  indeed  be  get  rid  of  by  snch  Tiolat 
hi^^www*  w  t^<a»  o(  iW  Unixcnal  Deloge  sireeping  eretythin; 
M>««  ft  >te  As  |iiiwiiy.  or  at  Mwn^  Belt  and  Cndl'a  -  ice-capt," 
mfcfcAiBWfeilf  «••»->''''—•< --'  —-h  tbem  o*  to  moontnin-hft. 
Ilj*<Mt^w«Mltf«N)    '  -'<*^«n  then  two  kypotlMM 

«« iftwdtt  <In«MI|;  vv  «  for  the  oUer,  wl^lM 


JkJ»  ■<wiw  *•  ■tf'wwtc.a  wixA  t-v*  pMoo  in  oar  own  oomiliy  b 
Mft-JFtlMWM*  Um»  k:5  1^  mmma  iiimilii— i.  fer  thm  are  muT 
■vW «te'4 lp)te  to  WMw  •xtfKn*  a*!  tiiImj  oaes  hsTing oocrared 

TW  $*MI<AMM«i«4  «m  far>M^  ekM*  imm^  the  tm 
fMiiA  ^  «W  i^wmI  gwgwffcy  ^  boitn  Bwipe  (tkoagli  Om. 

■WMutomM  ■■4aA  vfc*aiwfc.rijtJ  WnsaM^  En?>^a»i  Eai<ten  Ai>»ni>»1 
^<mm:  «tenM«  »>  tM  y>.-tiraxw^  *.-eTTxy  ..^  the  sabears^sHt  font*- 

«d^-*»  V^  3t<M£ii»  •ft'  ^^  >ii.-it''uiwnc{  ftwu.ii^Ea^  to  tke  iaiii^BJifant 
WNMtk*  fVMft nwiauwa. «aa&  ---=- -  «- niiriiiM  iAniim" 


Brof.  J.  TT.  Judd—On  Vblcanos.  631 

itarbanoe,  oommenomg  in  the  Oligooene  period,  and  ihenoe  gradu- 
y  augmenting  in  yiolenoe,  attained  its  climax  towards  tlie  close  of 
B  Miooeney  and  then  as  gradually  died  away  during  the  Pliocene 
ct-Pliooene,  and  recent  periods ;  the  movements  on  the  souHiem 
inks  of  the  axis  being  more  prolonged  than  on  its  northern  side. 
And  it  is  a  most  interesting  circumstance  that  a  very  striking  rela- 
>n  can  be  shown  to  exist  between  these  movements  in  the  great 
onntain  axis  itself  and  the  activity  of  the  volcanic  belt  which 
retches  on  either  side  of  it.  The  voldM^ic  outbursts  which,  as  we  ' 
tve  seen,  commenced  in  the  Oligocene  period,  acquired  continually 
iw  strength  and  vigour,  till  at  the  close  of  the  Miocene  they  had 
lilt  np  a  series  of  volcanic  cones,  rivalling  Etna  in  their  proportions 
id  forming  almost  continuous  chains  stretching  on  both  sides  of 
id  parallel  to  the  great  mountain  axis ;  but,  from  that  period  down 
>  the  present,  the  volcanic  activity  has  been  in  a  state  of  continual 
at  gradual  decline,  the  vast  cones  falling  into  ruin,  and  the  dying 
ibterranean  energies  sufficing  to  produce  only  long  lines  of  splutter- 
1^  *'puys;"  till  finally  geysers  and  mud-volcanos,  hot-springs  and 
aseous  exhalations,  testify  to  their  having  reached  the  stages  of  ex- 
aastion,  senility  and  utter  decay.  Yet  this  decline  certainly  took 
laoe  faster  on  the  northern  side  of  the  axis — where  not  a  single  active 
ent  at  present  remains — than  on  its  southern  side — where  Etna 
nd  Santorin,  Vesuvius,  Stromboli,  and  Volcano  retain  something  of 
oe  fires  of  their  youth ;  and  where  not  a  few  outbursts  during  the 
iatorical  period  in  the  same  Mediterranean  area  have  served  to 
emind  us  that  forces  as  yet  unspent  still  have  their  habitation 
•eneath  it. 

We  have  already  spoken  of  the  evidences  of  the  gradual  appear- 
noe  and  growth  in  energy  of  the  volcanic  forces  on  both  sides  of 
he  Alpine  system  during  the  Oligooene  period.  We  will  now 
iriefly  sketch,  so  far  as  the  materials  at  our  disposnl  enable  us  to  do 
Oy  the  actual  condition  of  the  volcanic  centres  which  surrounded 
he  Alpine  system  at  the  period  of  their  maximum  violence,  towards 
be  dose  of  the  Miocene  period. 

Among  the  most  interesting  of  the  facts  established  during  the 
royage  of  the  "  Challenger  "  is  that  of  the  existence  of  a  great  sub- 
aerged  ridge  stretching  from  north  to  south  through  the  Atlantic, 
[lie  few  peaks  of  this  ridge,  which  rise  from  depths  of  25,000  feet, 
knd  now  reach  the  sea-level,  there  fomfing  groups  of  islands,  are 
Jmost  all  volcanic,  though  usually  either  extinct  or  exhibiting 
rvidences  of  various  stages  of  decadence.  It  is  hardly  possible  to 
loubt  that  the  subsidence  and  submergence  of  this  vast  ridge  is 
lonnected  with  the  gradual  decline  of  volcanic  energy  beneath  it. 
Che  evidencet  obtained  in  Greenland,  the  Hebrides,  Madeira,  and  the 
Leores,  all  points  to  the  inference  that  the  period  of  maximum 
ictivity  in  this  volcanic  band  was  the  Upper  Miocene ;  and  certain 
acts  in  our  own  islands  suggest  the  conclusion  that  the  commence- 
nent  of  volcanic  action  in  it  must  be  referred  to  a  somewhat  earlier 
portion  of  the  Tertiary  period.  Hence  it  is  not  difficult  to  picture 
io  ourselves  the  existence  in  later  Tertiary  times  of  a  ^co&t  bdsi<^  ^1 
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B  and  |Mi«Ilel  in  po^An 
_  Bca  boaodTy  of  the  gnal 

^■tiacnL  OC  An  gnat  ToIoaBic  diain  wo  traoa  lh« 
of  omtiaam  atOl  MBaaloHned  in  Fnnx  JoaeT  I«id. 
B,  iTmrnlMi.  Aa  H^w  Uud,'  leelsod.  the  Tmt 
a  HiferidM  ^  Sott^Bnt  of  IreUad.  the  Aram, 
d  Gm  da  THde  Mida.  Vanmi^  KeronLa,  AMenaoD, 
St  ITrlfiM.  laiT  TiiiilBii  d'AconliA,  in  aonet^  whioh  eniptiTB  sctiaii 
is  whaUy  extinct,  wfcila  in  odnn  it  atill  retains  a  oonsidei^l* 
^Bgwa  ca  vigoar. 

Aoaa  &am  great  Atlantic  ^oleanie  band  Ibera  exten<J«d  tn  Miooen* 
tiaita  one  gnat  bnaek  to  the  westwarda  nmntng  tbioagh  tha 
Arctic  AnAipetaga,  and  two  gnat  btanchea  atretefaiBg  ea^twardj; 
(MM  of  &eae  latter  beiiv  vtaatad  on  tte  nortbera  side  of  that  great 
MMM  of  anbtemBeaa  tnoTeioMatt  which  now  forms  the  moantsin 
axis  of  tte  ITkili  i  ii  Continent,  and  the  other  Ijing  on  the  aonthns 
■wgia  of  Uw  mne  diatitrfoed  district. 

TliA  nordiem  Tolcanie  chun  was  coostitoted  as  foltows.  In  wliit 
is  now  the  Aarerj^ne  rose  the  vaat  tnchytic  and  phonolilic  conw  of 
the  Monat  Dore,  the  Cautal  and  Hotrat  Mcaen.  eo  well  described  b; 
the  lata  Mr.  Povlett  Serope;  esdi  a  lof^  monntain  comparable  to 
Ktaa  ia  ila  pnportionB.  Pollowii^  a  line  parallel  to  a  great  cum 
of  the  Alpme  main  axis  we  aie  oondnoled  by  the  smaller  oatbnnli 
of  the  Black  Forest  and  Odenwald  to  the  district  of  the  Lower 
Khins.  H^re  tbe  greatly  denuded  musses  of  the  Siebeagebii^. 
the  Westerwald,  the  Habichlswald.  aud  the  RboB-gebirge,  witb  ilia 
less  minibus  mass  of  the  VogetS'gcbirge,  indicate  the  existence  of 
vast  rolcanic  cones  in  the  Miocene  period,  not  inferior  in  dimeiisJoD) 
to  the  tliree  ^mat  volcanos  of  tlie  Auveigne.  The  series,  internipWd 
for  B  short  distance  by  the  great  lateral  axis  now  forming  the  rangW 
of  the  Thuringer  Wald.  the  Franken  Wald,  and  the  Fichtel  Gebirgs. 
is  continued  by  those  two  giant  volcsnos  of  Bohemia,  now  in  their 
ruined  slate  oonsliiiiting  the  Diippaner  Gebitge  and  the  Leitmeritzer 
G^-'iiirire.  the  kfrer  of  wliith  is  cut  tlir-iugh  by  the  Elbo.  Agnin 
following  an  iullexiou  of  tho  grvat  .Upiiio  a^is,  and  cro^ng  die 
lateral  range  of  the  Carpathians,  we  reach  the  Hungarian  series  of 
Tolcanos,  and  reco^ize  the  e\-idence  of  gigantic  Miocene  oones  or 
groups  of  cones  iu  tbe  mountains  of  Gran  and  Visegrad,  the  distm* 
around  Scbemnitz,  the  Matra,  the  Tokay-Eperies  Mountains,  Ihe 
Vihoriat  Mountains,  the  Hargitta  Mountains,  the  TransylTanisn 
Erzgebirge,  and  the  volcanic  districts  of  the  Banat  of  Hungary  snd 
Nortliem  Turkey.  In  the  southern  extremity  of  the  Crimea,  in  the 
Caucasus,  and  in  the  volcanic  rocks  forming  the  southern  extremity 
of  the  Oural,  we  trace  the  extension  of  the  same  IiDe  of  Miooene 
Tolcanos  till  it  ia  finally  lost  in  the  mists  that  still  enshroud  the 
geology  of  Central  Asia. 

'  Mr.  Mdjor  has  thoirn  that  there  U  groimd  for  beliering  thataseries  of  a1dr«b 
meatioDfd  in  some  old  sailing  directioaa  u  eiUting  midwaj  iMtweeo  Iceland  MJ 
Greenlaad,  and  railed  Grumbjams  Skerriea,  were  blown  n^  bj  a  Tolcanic  eraptioBia 
146$,  and  long  after  tliat  due  iomud  &  net  which  haa  nnce  diminlilied  greatly  ia 
'■'i^bt.    Here  thea  ve  (tq^aU^  '^i«  utniAus  ida&  i\.  'fii^  «)imflT^  dudo  d 
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The  greater  osoillations,  attended  with  the  more  sweeping  action 
of  marine  denudation,  whioh  have  afifected  the  southern  range  of 
Miocene  volcanos, — those  north  of  the  Alps  having  for  the  most 
part  saffered  only  from  subaerial  waste, — has  resulted  in  reducing  the 
former  to  a  mnoh  more  ruinous  condition  than  the  latter.  In  the 
numerous  intrusive  masses  of  gabbro,  serpentine,  diorite,  etc.,  which 
aboond  in  the  Iberian  and  Italian  peninsulas,  and  which  are,  in 
many  cases  at  least,  of  post-Eooene  age,  as  well  as  in  some  skeleton 
▼olcanos,  like  those  of  the  Euganean  Hills  and  Styria,  with  vents 
like  those  of  Sardinia,  Central  and  Southern  Italy,  Sicily,  and  the 
^gean  Sea,  which  have  continued  in  action  to  more  recent  periods, 
we  find  the  different  centres  of  volcanic  action  on  the  southern  side 
of  the  Alps,  exhibiting  every  stage  of  dissection  by  denudation.  This 
aonthem  chain  is  continued  eastwards  by  the  volcanos  of  Asia  Minor, 
Persia,  and  Afghanistan  into  Northern  India. 

The  extinction  of  the  great  volcanic  oones,  both  on  the  north  and 
south  sides  of  the  central  mountain  axis,  was  followed,  as  we  have 
already  remarked,  by  the  appearance  of  scattered  **  puys  "  which  can 
be  reckoned  by  thousands,  and  were  evidently  thrown  up  sdong  lines 
of  fissure  opened  in  the  plains  surrounding  the  extinct  cones. 

It  is  impossible  to  re^urd  as  accidental  the  close  agreement  which 
we  have  thus  shown  to  exist  between  the  critical  periods  in  the 
history  of  the  last  great  movements  in  the  Alpine  axis,  and  those  of 
the  volcanic  outbursts  in  the  surrounding  areas ;  more  especially 
as  we  have  seen  that  the  igneous  activity  was  developed  along 
lines  having  the  most  unmistakable  parallelism  to  the  principal 
Alpine  chains. 

Now  it  is  of  the  very  highest  importance  that  we  should  fully 
recognize  the  vastness  of  the  changes  which  have  taken  place  in  the 
physical  geography  of  the  continent  during  a  comparatively  recent 
geological  epoch :  for  in  the  action  of  the  great  subterranean  move- 
ments during  the  later  Tertiary  periods  we  can  scarcely  fail  to 
recognize — if  the  amount  and  effects  of  the  disturbances  be  fully 
realized — a  competent  cause  for  some  of  the  more  important  of  the 
physical  phenomena  that  mark  the  history  of  this  epoch  in  Western 
Europe ;  and  among  these  we  may  especially  mention  that  extension 
of  the  Alpine  glaciers,  which  seems  to  have  characterized  several  of 
the  most  recent  of  the  geological  periods. 

In  seeking  for  the  causes  of  the  extension  of  glaciers  during 
former  geological  periods,  we  cannot  but  regard  it  as  a  most  unfor- 
tunate circumstance  that  geologists  have  often  appealed  for  explana- 
tions of  the  phenomena  they  witness  to  the  little-known  and  less- 
understood  action  of  the  ice-fields  that  are  supposed  to  cover 
Greenland  and  the  Antarctic  continent,  ^ence  has  grown  up  the 
hypotheses  of  vast  movements  of  "  continental  ice,"  of  **  ice-sheets," 
and  ''polar  ice-caps,"  the  very  existence  of  which  rests  on  the 
smallest  and  slenderest  basis  of  evidence.  For  the  supposition  that 
the  ioebeigs  of  Arctic  regions  are  not  derived  from  large  and 
confluetit  glaciers,  but  from  detached  portions  of  ice-sheets  which 
have  the  j[K>wer  of  over-riding  hill  and  valley  slike^  I  m\iat  cic^\^£^^% 
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dagrew  neBTOT  to  tbe  eqndtt 
_  of  Kuiopa;  y«t,  dorii^  very  itotui 
paMs  K  Ihs  ««in  laMOiT,  Oa  fimHr  diatriot  wu  enbjected  to 
glMMl  MliaK  OB  Ihs  gfiaieit  wwifbte  acak,  tbe  nmuning 
MmiMMfc  of  wUok  ■■«  of  tka  moat  itrikiiig  anil  Ttnmistabblc 
dmoKtar.  B«^  ifas  Amtna  r£«  of  Ukmo  glaciers  which  stiU 
■»  of  ■  iBiniiiflii  «Ueli  Bake  the  existing  Alpine  glacien 
fmj  hj  aomftnoa ;  mm  of  Hiem  SKtendiag  to  witliin  500 
Sect  at  Ota  Mft-lerel,  ia  A»  nidrt  of  a  ooimb;  covered  with  tne- 
iftnM  md  palmo. 

WImb  Urm  rsBMilaUe  gUcwn  md  the  pRufs  of  their  fonner 
gRMtcr  BrtB—ioB  wara  bit  dMoribed,  the  bets  were  of  amtfa 
■ddnoed  br  maov  geologitta  as  a  proof  that  the  whole  globe  tsd, 
during  c«rtJun  perii>ls.  been  sulijected  lii  secular  refrigeration  ;  an'' 
New  Zealand  w&s  snppoaed  to  afford  the  strongest  possible  deraon- 
■tration  of  the  existence  of  "  the  GlacLil  Period."  But  the  carefol 
Btddy  of  all  tbe  evidence,  especiallv  the  palreontological,  has  oom- 
pelied  the  whole  of  the  distiogaisbed  geologists  we  have  twned 
above  to  entirety  renoonoe  their  former  views  upon  the  subject,  thii 
reform  in  opinion  having  been  led  by  Dr.  Hector  in  1803.  The 
fossil  shells  belonging  to  the  whole  series  of  Tertiary  and  post- 
Tertiary  deposits  prove  conclusively  that  no  siicli  changes  of 
climate  as  are  argued  for  by  advocates  of  universal  Glnciol  penoiU 
ever  took  place  in  the  Soutliern  hemisphere;  and  these  conclusioiu 
of  the  New  Zeftlnnd  geologists  are  fully  supported  by  those  arrived 
at  by  Professor  M'Coy  in  Australia. 

Nor  are  the  palteontological  facta  pointing  to  the  same  oonolneion 
in  tbe  case  of  the  Northern  hemisphere  leas  convincing.  It  has 
been  argued  from  tbe  existence  of  largo  blocks,  and  the  poverty  of 
the  fauna  in  certain  sub-Alpine  deposits,  that  "  glacial  epochs."  ot 
a  general  refrigeration  of  climate  in  the  Northern  hemisphere, 
occurred  both  in  the  Eocene  and  Miocene  periods.  We  shail  not 
stay  to  point  out  how  cautiously  the  presence  of  merely  transported 
blocjts — not  exhibiting  any  glacial  striatiou — ^should  be  aocepted  m 
eviOence  of  glacial  action,  iu  the  face  of  the  facts  which  have  been 
jiuUliahed  by  Mr.  Drew  concerning  the  oomposition  of  the  "fans" 
of  the  HimiCaya.  But.  a«Buming  that  an  extension  of  glacial  actioD 
did  take  place  in  the  Alps  during  the  Eocene  and  Miooend  period* 
xeepeotiy^y,  that  the&e  "  gWu^  ^tui^"  ^«n  of  ^nrely  local  sdiI 
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not  of  universal  character,  we  have  the  most  complete  proofs  which  it 
is  possible  to  conceive. 

As  was  80  well  pointed  ont  by  Mr.  Searles  Wood,  we  find  in  the 
Hampshire  and  raris  bEisins  the  most  beaatif^l  and  perfect 
illnstzations  of  the  whole  series  of  Eocene  and  Oligooene  deposits 
at  a  namber  of  points,  niuated  more  than  ten  degrees  nearer  the  pole 
than  the  Alpine  regions ;  and  yet  in  these,  not  only  are  we  met  by 
the  fact  of  the  absence  of  even  the  smallest  trace  of  the  physic^ 
action  of  glaciers,  but,  as  every  student  of  the  British,  French,  and 
Belgian  Tertiaries  is  well  aware,  there  is  not  a  particle  of  evidence 
in  favour  of  such  dwarfing  of  certain  species,  accompanied  by  the 
jnigration  and  extinction  of  others,  which  could  not  fail  to  ao- 
oompany  the  ettennon  of  the  supposed  polar  ice-caps  during  parts 
of  those  periods. 

Again,  in  the  case  of  the  Miocene,  we  have  in  the  Vienna  basin  a 
complete  series  of  deposits  formed  in  the  same  latitude  with  the 
Alps*  which  exhibit  in  the  characters  of  their  faunas  clear  evidence 
of  a  gradual  passage  from  tropical,  through  sub-tropical,  to  the 
-temperate  conditions  of  the  adjoining  seas,  but  no  trace  whatever  of 
any  such  interruption  as  could  not  fail  to  have  been  produced  by  a 
period  of  excessive  cold. 

I  need  scarcely  refer  to  the  supposed  existence  of  a  ''Qlacial 
period "  during  «furassic  times,  for  the  evidence  of  which  my  own 
observations  in  Sutherland  have  been  again  and  again  quoted,  in 
spite  of  the  numerous  facts  which,  as  I  have  myself  pointed  out, 
militate  in  the  strongest  manner  against  any  such  hypothesis. 

To  the  readers  of  this  Magazine,  too,  it  will  be  unnecessary  to 
recall  the  important  verdict  pronounced  by  Professor  Nordenskiiild, 
after  his  long  and  careful  examination  of  the  geological  deposits  of 
the  Arctic  regions,  where  surely,  if  anywhere,  evidence  in  support 
of  the  alternation  of  glacial  and  mild  periods  ought  to  be  observed. 
He  declares  that  **  from  Palseontologioal  science  no  support  can  be 
obtained  for  the  assumption  of  a  periodical  alternation  of  warm  and 
cold  climates  on  the  surface  of  the  earth." 

Nor  is  the  -evidence  against  the  universality  of  glacial  periods 
wholly  derived  from  Palaeontology.  The  general  absence  of  recent 
marks  of  glacial  action  in  Eastern  Europe  is  well  known ;  and  the 
series  of  changes  which  have  been  so  well  traced  and  described  by 
Professor  Szabo  as  occurring  in  those  districts  seems  to  leave  no 
room  for  those  periodical  extensions  of  ''ice-caps"  with  which  some 
authors  in  this  country  have  amused  themselves  and  their  readers. 

Mr.  Campbell,  whose  ability  to  recognize  the  physical  evidences 
of  glaciers  will  scarcely  be  questioned,  finds  quite  the  same  absence 
of  the  proof  of  extensive  ice-action  in  North  America,  westward  of 
the  meridian  of  Chicago. 

In  the  face  of  all  these  facts,  it  is  impossible  to  avoid  the  con- 
clusion that  the  so-called  *'  Glacial  Epoch  "  was  a  purely  local 
phenomenon,  confined  to  \Vestem  Europe  and  Eastern  America,  and 
that  earlier  extensions  of  glacial  action  were  equally  due  to  local 
causes. 
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Lir«  t*^  •!  work  in  ibe  case  of  lie 
-~:-.'^MM  of  tb«  formeT  exteuioa 
--  hoeoid  with  «DC^  a  CBiue,  u  «« 
:_■«  hTpotheus  of  altenutiou  of 
~-  .:il  ofeBses — even  Bupposiog  tltit 
T  Beponvd  br  palsonlolc^ical  evidenx? 
1  <f  tW  Uamxaal  Deluge  wu  got  rid  of  bj 
B.-  trfwcheat  ^Mre  ofcaovctive  to  tbe  deTelopment  <rf 
^  la*  uf>e«T^  Aim  tbe  doctrioe  tbat  the  exute&ce  of 
.  a  ^ftna  »  a  jwK>f  of  amnUr  Rfrigeratioa  of  climata 
Of  tb  Tan£«*  ccioBic*!  caKu  bo  ablj  diaaaesed  by  Ur.  Searle) 
Vcoj  ia  Tvesa  naiBlwn  of  the  Gbdlogical  Uaoazihk,  we  may 
nkiOr  ^nai  ^al  <Me  or  aar*  ma;  have  oontribiited  in  some 
df^^  b-i  ibe  fvodacbDa  of  Tviationi  in  climate  dnring  peat  geo- 
k^kal  nmH :  bsi.  natal  tbe  ^tcU  of  tboae  local  changes  of  leval 
wbkii  w«  know  to  h«T«  oecnrred  bave  been  folly  taken  into  account 
and  pn>rad  to  be  inadequate  in  eac^  Epecial  case,  it  is  surely  veij 
1^1  indeed  on  tbe  p«i1  of  geologists  to  appeal  to  agencies,  of  whii^ 
tbe  <Higin  and  effects  are  ooofeesedly  so  little  imdetetood.  And 
wbile  it  U  scaicelT  pomible  to  assign  a  limit  to  the  pize  which 
^aciws  might  attain—if  supplied  (rum  feeding  grounds  of  snffideiit 
«lev«tiiMi  and  extent,  on  whidi  a  laige  anionnt  of  precipitation  wu 
ffimntintly  taking  place — it  is  very  difficult  indeed  to  underBland 
bow  a  simple  reduction  of  temperature  should  produce  the  eSecti 
wUoh  An  BO  oonstantlj  sailed  to  it  by  some  writers. 
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In  the  case  of  the  Alps  I  know  of  no  glacial  phenomena  which 
are  not  capahle  of  being  explained,  like  those  of  New  Zealand,  by 
a  great  extension  of  the  area  of  the  tracts  above  the  snow-line,  which 
would  collect  more  ample  supplies  for  the  glaciers  protruded  into 
the  Borrounding  plains.  And  when  we  survey  the  grand  panoramas 
of  ridges,  pinnacles  and  peaks,  produced  for  the  most  part  by  sub- 
aerial  action,  we  may  well  be  prepared  to  admit  that  before  the 
intervening  ravines  and  valleys  were  excavated,  the  glaciers  shed 
from  the  elevated  plateaux  must  have  been  of  vastly  greater  magni- 
tude than  at  present  This  increase  of  the  area  above  the  snow- 
line, resulting  in  the  extension  of  the  glaciers,  would  likewise 
follow  from  the  elevations  of  the  whole  mountain  mass ;  and  the 
Mune  movement  would  also  account  for  the  transport  of  blocks  across 
the  wide  Swiss  valley,  and  their  lodgement  on  what  are  now  opposing 
slopes^  It  is  an  interesting  confirmation  of  these  views  that  the 
Western  Alps,  where  the  subterranean  action  has  been  most  violent 
and  prolonged,  is  also  the  district  in  which  the  glacial  action  has 
been  most  powerfully  marked. 

We  need  scarcely  add  that,  if  these  views  be  correct,  there  is  no 
necessary  connexion,  either  in  their  period  or  in  their  cause,  between 
the  extension  of  glaciers  in  Northern  Europe  and  the  Alps  respec- 
tively. The  identification  of  the  two  series  of  events  rests  indeed 
on  no  sufficient  palaeontological  or  physical  evidence. 

I  have  not  in  this  article  attempted  to  deal  with  the  remarkable 
phenomenon  of  the  prevalence  of  more  uniform  climates  over  the 
whole  globe  during  past  geological  periods,  the  admission  of  which,  as 
Dana  and  Nordenskiold  have  so  well  pointed  out,  it  is  hardly  possible 
to  avoid.  This  is  perhaps  the  most  difficult  problem  which  geologists 
are  called  upon  at  the  present  day  to  face.  Possibly  the  results  of 
the  Arctic  Expedition,  when  fully  worked  out,  may  throw  some  new 
light  on  this  important  question. 

If,  in  the  series  of  articles  which  we  are  now  bringing  to  a  close, 
we  have  been  led  to  dwell  at  greater  length  upon  the  proofs  of  sub- 
terranean  action,  than  upon  those  more  obvious  results  due  to  the 
operation  of  external  forces  upon  the  earth's  crust,  it  is  with  no 
desire  to  under-estimate  the  importance  of  the  latter,  but  rather  with 
a  view  to  counteract  the  somewhat  one-sided  statements  that  have 
been  made  concerning  the  relative  efiects  of  the  two  classes  of  terres- 
trial forces. 

Prof.  Geikie  and  Mr.  Oroll  have  done  excellent  service  to  geologi- 
cal science  in  reviewing  and  calling  attention  to  the  results  of 
estimates  of  the  amount  of  waste  produced  by  subaerial  denudation, 
and  the  rate  at  which  the  surfaces  of  our  existing  continents  are 
being  worn  away.  Fully  agreeing  with  Prof.  Hughes  that,  as  actual 
measures  of  geological  periods,  such  estimates  are  open  to  so  many 
sources  of  error  and  are  so  difficult  of  application  as  to  be  worthy  of 
but  little  reliance,  we  nevertheless  regard  them  as  having  a  very 
great  value  in  enabling  us  to  appreciate  the  reality  and  the  im- 
portant effects  of  operations  ever  going  on  insensibly  around  us. 

We  venture  to  think  that  still  further  uses  may  be  served  by  these 
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Kama  estimates,  in  giving  na  the  means  of  realizing  tlie  amount  of 
work  effected  hy  those  STtbterranean  foioes,  tlie  results  of  the  ofetif 
tioQ  of  wbidi  are  even  loss  easily  detected  ihan  those  of  subrenal 
wMte. 

That  the  ordinAry  processes  of  the  earth's  economy  have  bean 
lUAintained  in  oonstant  operation  thioughont  a  long  BucoessioQ  o( 
geolopoal  periods  we  hare  the  clearest  proof.  And,  as  a  iieeesaMj 
oonsequenoe  of  this,  -we  are  bonnd  to  conclude  that  something  Ilk* 
the  same  g^nerai  baianoe  between  the  elevated  fmd  submerged  aiew 

*  of  the  earth's  snrfaoe  has  been  preserved  during  those  jwriude. 

Now  nothing  comes  out  more  clearly  from  the  ingenious  eetimatM 
li>  which  we  have  referred  than  the  conclusion  that — in  a  period  of 
lime  of  comparatively  short  duration,  geologically  speaking — iha 

•  whole  of  the  existing  continents  would  be  washed  away,  and  tUeii 
materials  deposited  on  tbe  bed  of  the  ooeau  by  the  action  of  tb« 

*  Bgeoeies  of  waste  and  trausport  now  in  operation — were  the* 
destructive  forces   not  counteracted   by  the  constant  elevation  of 

r  portions  of  the  earth's  crust. 

Assuming  then,  as  we  have  seen  there  ar«  good  grounds  for  doing. 

■  fiiat  the  general  balance  between  land  and  water  has  been  maintaiDea 
daring  vury  long  geological  periods — the  subterranean  movements  of 
tbe  earth's  onisl.  if  all  in  the  direction  of  elevation,  would  prodi 
effects  that  would  be  exactly  represented    by  the  totAl  eSa^ 

'  nbaerial  and  marin«  waste  dnring  the  same  period. 

But  seeing  that  a  large  amount  of  the  effects  of  elevation  mnstrf 
neccosity  bo  neutralizod  by  thamo  of  dttpcssniou,  wo  are  forced  to 
oouolude  that  the  reenhs  produced  by  subterranean  are  far  grealer 
Hian  those  brought  about  by  surface  denudation.  That,  indeed,  the 
results  of  the  latter  are  actually  compensated  by  the  excess  of  tbe 
elevatory  movements  over  those  of  subsidence. 

To  enable  us  therefore  to  establish  anything  like  an  actual  relalioa 
between  the  work  performed  by  subterranean  and  snrfaoe  forces,  in 
modifying  the  earth's  crust,  we  should  requite  to  obtain  a  measure 
of  the  effects  of  movements  of  depression.  Here  Ur.  Croll's  calcula- 
tions, based  on  the  thickness  of  tbe  sedimentary  rocks,  may  be  of  some 
use,  for,  as  Mr.  Darwin  has  so  well  shown,  the  stratified  rocks  most 
almost  without  exception  have  been  deposited  in  subsiding  areas, 
and  the  thickness  of  the  rocks  thus  t^comes  a  measure  of  the 
amount  of  subsidenoe  that  the  areas  on  which  they  were  deposited 
have  undei^ue.  But  as  many  areas  are  undoubtedly  subsiding, 
without  receiving  sediment  at  all,  even  this  will  only  give  an  un- 
known Amotion  of  the  quantity  required. 

From  all  these  considerations  then  we  are  driven  to  oonclude  that 
the  work  performed  by  surface  agencies,  in  modifying  the  forms  of 
the  earth's  crust,  vast  as  it  is,  bears  but  a  very  small,  though  indeter- 
minable, proportion  to  that  effected  by  the  subterranean  forces. 


^ 
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n. — On  thx  GiiAUOONino  Gbantjles  of  thb  G^mbridoe 

Gbbekband. 

By  W.  J.  SoLLAS,  B.A.y  F.G.S. 
(PLATE  XXL) 

11HE  Goprolites  or  phosphatic  nodules  of  tbe  Cambridge  Greensand 
frequently  contain  amongst  other  included  bodies  a  number  of 
Foraminifera  and  glauconite  grannies,  of  the  same  kind  as  those 
found  scattered  loosely  throughout  the  Greensand  bed. 

When  a  transparent  slice  is  prepared  of  one  of  these  coprolites,  it 
of  course  reveals  a  number  of  iJiese  included  bodies  in  section,  and 
80  offers  a  favourable  opportunity  for  the  examination  of  their  internal 
structure,  an  opportunity  which  I  have  made  use  of,  especially  with 
a  view  to  test  the  conclusions  which  I  had  published  in  1872  on  the 
origin  Of  the  Greensand  glauconitic  grains. 

PoeiHon  of  Uie  Oreen  Granules  and  Foraminifera  in  the  Goprolites. 
—These,  like  most  of  the  other  foreign  bodies  contained  in  the  phos- 
phatic nodules,  occur  most  usually  and  in  greatest  abundance  in  the 
•eoondary  deposit  of  coprolite,  which  has,  subsequently  to  the  forma- 
tion of  the  original  nodule,  incrusted  its  surface  or  filled  in  the 
cracks  thai  fissured  it  as  it  contracted  on  fossilization ;  while  in 
those  nodules  wluoh  owe  their  origin  to  sponges  these  included 
bodies  are  found,  in  addition  to  the  former  positions,  in  the  material 
which  has  entered  into  and  filled  up  what  wore  once  the  canals  and 
'  cloaca '  of  the  sponge. 

Foraminifera. — ^These  are  arenaceous  and  perforate  vitreous  forms, 
like  those  which  occur  in  the  Greensand  bed ;  their  chambers  are 
filled  with  different  materials  in  different  cases,  sometimes  crystal- 
line calcite,  and  occasionally  glauconite  has  infiltrated  them,  but 
most  commonly  phosphatic  material  similar  to  that  in  which  they 
are  contained.  These  three  minerals  are  found  in  the  interior  in- 
differently of  both  arenaceous  and  perforate  foraminifera ;  and  when 
glauconite  fills  the  latter,  it  may  be  traced  from  the  cast  of  the 
chambers  passing  into  the  fine  tubulations  which  perforate  the  walls. 

Oreen  Grains.  External  Form, — Some  of  the  green  grains  are  of  the 
r^ular  shape  which  characterizes  casts  of  perforate  Foraminifera ;  but 
the  majority  of  the  sections  are  of  such  various  and  irregular  out- 
line, that  from  it  alone  no  clue  to  their  mode  of  origin  can  be 
obtained ;  of  these  irregular  forms  a  few  exhibit  attached  to  their 
exterior  fragments  of  arenaceous  foraminiferal  tests,  the  remnants 
probably  of  the  moulds  in  which  they  were  formed ;  but  the  greater 
number  are  free  from  any  such  incrustation,  and  are  simply  granules 
of  glauconite  of  very  irregular  form.  What  the  origin  of  these  may 
be  is  very  doubtful ;  judging  by  ansdogy  it  seems  probable  that  many 
of  them  may  be  casts  of  arenaceous  Foraminifera ;  but  how  far  this 
is  actually  the  case  we  have  no  means  of  saying. 

Internal  Strtieture.  ^The  thin  sections  of  the  glauconite  granules 
are  of  a  light  green  colour,  deeper  in  tint  in  some  places  than  others, 
and  transparent  except  where  rendered  opaque  by  die  presence  of 
included  partides. 
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The  substances  usuMly  scattered  throughout  the  sections  are  n 
Foramiuifera,  Cocooliths,  Coccospberes,  rainate  granules,  hagmenti 
of  crjstnlline  minerals,  and  otlier  sabstancea,  the  nature  of  which  u 
uncertain. 

FoTatainifera. — ^TheBo  are  very  small,  and  in  propcrtinn  to  the  i 
size  of  the  granule  containing  them  absolntely  insignificant  (PI.  XXL 
Fig,  1/.).  The  walla  of  their  tests  are  either  well  preserved  ti 
psoudomorphs  in  glauconile,  in  which  case  they  are  of  the  same  1 
green  coli^ur,  but  clearer  and  more  transparent  than  the  sarrounding 
materia!,  and  well  defined  on  both  their  inner  and  onter  margitu; 
or  else  they  have  disappeared  altogether  or  in  part,  leaving  only« 
few  grannies  or  a  dark  brown  lino  to  mark  tlieir  original  positioa 

The  position  of  the  Foraniinifera  in  the  green  grains  is  very 
variable,  sometimea  a  test  may  be  seen  in  the  middle  of  a  sectiim 
(PI.  XXI.  Fig.  3/.),  but  quite  as  often  at  the  side  (PI.  XXL  Fig.  1  /.) ; 
whilst  in  one  instance  (PI.  XXL,  Fig.  'if.)  tlie  ontliue  of  the  grain 
intersects  the  inclosed  Foramiuifera,  cutting  off  the  interior  froni  so 
exterior  portion  which  has  since  disappeared.  The  intersecting  edge 
of  this  grmn  (l.)  is,  however,  a  Buspiciously  etiuight  one,  and  may 
possibly  be  dim  to  fracture. 

No  appearance  of  a  crystalline  radiation  frata  any  of  the  included 
bodies  towards  the  circumferenoe  of  the  grannies  is  to  be  detected 
either  with  ordinary  or  by  polarized  light. 

Coecolilka. — The  Chalk-marl,  which  oonatitntes  the  greater  part 
of  the  Cambridge  Greensand  bed,  is  to  ft  great  esteiit  composed  of 
coccoliths,  entire  and  fragmentary,  which  in  the  number  and  variety 
of  their  forms  surpass  all  that  I  have  yet  seen  figured  from  recent 
seas.  I  have  already  drawn,  and  partly  described,  a  large  series  of 
these  bodies  ;  but  as  it  will  be  impossible  to  publish  the  description 
for  some  time,  and  as  their  presence  in  the  glauconite  granules  is  a 
subject  which  concerns  us  now,  it  may  not  be  amiss  to  give  a  brief 
preliminaty  aticount  of  the  forma  which  have  been  recognized  in  the 
granules,  supplemented  by  the  addition  of  one  or  two  others  from 
the  Chalk-marL 

The  form  represented  in  PI,  XXI.  Fig.  5,  is  one  of  the  most  abun- 
dant in  the  Chalk-marl,  and  occurs  most  commonly  in  the  glauconidc 
granules.  It  consists  of  a  transparent,  colourless  or  faintly  greenish 
oval  ring  (Fig.  6a.),  well  defined  on  its  outer  and  inner  circum- 
ference, inclosing  an  oval  space,  clear  and  transparent  (c.)  at  its 
outer  margin,  close  to  the  inside  of  the  ring,  but  cloudy  and 
granular  («.)  towards  the  centre,  at  or  near  which  is  situated  a  single 
granule  (g.),  larger  than  the  rest,  transparent  and  of  the  same  green 
tint  as  the  outer  annulus.  Viewed  sideways  this  form  appears  like 
a  simple  rod. 

The  whole  of  this  structure  couaists  of  carbonate  of  lime,  and  on 
solution  in  weak  acid  dissolves  entirely  or  with  the  exception  of 
a  delicate  membranous  film,  which  is  dotted  over  with  a  number 
of  faintly  marked  granules ;  and  which  on  the  addition  of  carmine 
or  magenta  stains  te  a  light  red  colour.  Fig.  20  represents  such  a 
£lm  left  on   the  soluUon.  oC  a.  toYm.  Uke  that  shown   in  Fig.  8. 
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Thb  membrane  may  be  oomposed  of  sulphate  of  lime,  whicb  has 
imprecated  the  caloareoos  skeleton  of  the  coocolith  after  its  death, 
though  I  doubt  this. 

The  form  we  have  just  desoribed  is  evidently  a  flat  or  somewhat 
concave  disc,  thickened  at  its  edges  into  a  ring-like  border,  and  at 
its  centre  into  a  granulated  area  with  one  of  the  granules  much 
larger  than  the  rest.    It  is  well  enough  preserved  in  the  glauconitio 
granules  to  show  clearly  the  outer  annulus  and  the  central  granule. 
Figs.  6  and  6  a.  represent  a  very  common  modification  of  this 
form,  which  appears  to  me  to  result  from  a  circumferential  constric- 
tion round  the  edge,  grooving  it,  so  as  to  produce  a  resemblance  to  a 
pulley-wheel.    It  has  not  been  observed  within  the  green  grains. 
Vig.  7  is  a  large  form  of  Fig.  5,  which  attains  relatively  to  the  latter 
form  a  size  fully  double  that  which  is  shown  here.     The  outer  ring 
much  thickened  appears  to  be  marked  along  the  middle  of  its  upper 
margin  by  a  rounded  ridge,  which  on  focussing  down  resolves  itself 
into  a  number  of  granules,  somewhat  irregularly  arranged.     Broken 
pieces  of  this  variety  are  to  be  seen  in  the  green  grains. 

The  next  form.  Fig.  8,  is  similar  to  Fig.  5,  but  differs  from  it  by 
the  presence  of  a  transverse  bar  produced  from  the  annulus,  along 
the  minor  axis  of  the  ellipse,  and  which  divides  the  central  oval 
area  into  two  parts,  each  with  its  cloudy  centre  and  refractile  granule. 
To  all  appearance  this  is  simply  Fig.  6  undergoing  fission,  and  yet 
the  whole  structure  consists  of  carbonate  *of  lime.  In  connexion 
with  this,  it  is  noticeable  that  while  both  of  these  coccoliths  vary  in 
size,  yet  that  of  Fig.  6  does  so  to  a  much  greater  extent  than  that 
of  Fig.  8. 

In  the  next  variety,  Fig.  9,  the  process  of  sub-division  has  gone 
%  step  further,  and  the  space  within  the  ring  is  partitioned  off  into 
four  by  a  thickening  of  the  disc  along  two  axes  at  right  angles  to 
3ach  other. 

The  next  division  of  the  coocolith  is  into  eight,  as  shown  in 
Fig.  10,  and  so  far  each  step  in  the  process  has  followed  the  geo- 
metric progression,  1,  2,  4,  8 ;  in  Fig.  13,  however,  we  have  an 
exception  to  this  rule,  since  it  exhibits  nine  sub-divisions  within  its 
nclosing  annulus,  and  we  omitted  in  passing  to  notice  another  very 
rare  form  where  the  loculi  number  three.  Fragments  of  the  forms 
Pigs.  10  and  13  are  found  in  the  Chalk-marl  (Fig.  11)  looking  like  a 
residue  left  on  the  dehiscence  of  the  other  part  of  the  coocolith  ;  such 
I  fragment  (Fig.  14)  is  the  only  instance  of  these  last  complicated 
forms  which  I  have  observed  in  the  green  granules,  and  it  appears 
X}  have  been  derived  from  an  even  still  more  complex  type,  since 
f  the  missing  part  be  supplied,  the  restored  ring  would  present,  I 
ihould  judge,  nearer  16  than  8  loculi.  All  the  forms  from  Fig.  5  to 
.3  vary  in  the  relative  length  of  their  major  and  minor  axes,  and 
ometimes  become  quite  circular;  Fig.  12  represents  the  round 
variety  of  Fig.  10. 

All  again  may  develope  stalks  or  stems  at  right  angles  to  the  plane 
f  the  disc,  e,g.  Fig.  15,  which  is  derived  from  a  form  like  F^.  6 ; 
rig.  17  a,  from  Fig.  17 ;  and  Fig.  18  from  Fig.  6.  In  forms  like  Figs.. 
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lit  9,  10.  Ibe  rtalk  is  prodnced  firom  the  oeatra  of  tLe  traasrent 
ft^**"*^ :  of  i^t»»  Malked  Twieties  ooiy  fmniu  like  F^.  15  bam 
;1liai  ofaMTved  in  the  Enen  graiitt.  (See  PL  XXL  Fig.  3  ^) 
L  V^  19  b  a  wiei;  of  Fijg.  9,  diffnine  ^m  it  b;  its  gnonlated 
"^  "*  "  »  a  alalked  fom.  enuolated  ehuplj  on  ha  i^per 
D  lemHfale  &  crown-wbcd. 

—Then  I  have  obaerved  in  eerentl  instuioM  ia  tin 
1  bodies  ooTecod  looael;  with  the  oval  form  of 
J.  &.  Ob  atdnlioii  »  faint  gnuial&r  nwiubTaue  coi- 
1  oatline  and  aisa  with  the  original  s[iii«n  renuuns 
■  biartly  with  m^eata.  In  the  glaaoonitic  gmauitt 
timea  noticed  small  spherical  bodies  with  thin  «alla, 
BMrked  with  re&actile  ridges  and  graanles,  which  cloe^y  resambia 
I  ooecx^hena ;  the  beet  ma^ed  of  theee  ia  shown  in  Fig.  3  at  e. 

Grauida. — These  bodiea,  which  are  exactly  similar  in  uie  and 
Hpeanutoe  to  those  which  make  op  so  large  a  proportioQ  of  tbd 
;  Cwk-marl,  and  which  reaemble  also  the  refnctlle  granules  insida 
I  'Aa  ooooolitha,  oocor  rer;  abuodantl;  ia  the  green  grains,  and  can 
llB  dittii^aiahed  therein  bj  ihur  greater  tran&pareocy  and  diSerent 
nfractive  index. 

Bo^i  of  a»cerlain  aafnre. — Small  angalar  fragmetita  of  colourleas 
I  Htd  transparent  crystallioo  minerals  resembling  felspar,  splinters  of 
•B  indeterminate  siibstaoce,  badUi  and  other  bidaII  bodies,  are  some- 
^ittmea  inclosed.  One  gieen  grain  A"  diameter  was  observed  to  ba 
mtirely  filled  with  a  fmntly  defined,  fine,  polygonal  rettcnlatioD.  n 
part  of  which  is  shown,  imtj^ifieil  4^5  diameters,  in  Fi<j,  4.  What 
this  may  be  it  is  hard  to  say ;  but  clearly  the  organism  feota  whid 
the  grain  was  derived  had  do  connexion  with  the  Foraminifei^ 

Ctmetution. — The  cocooliths  and  graaoles  which  characterize  the 
green  grains  of  irregnlar  form,  are  also  present  in  the  glaaconite  caBts 
of  foraminiferal  chambers,  and  in  the  phosphatic  material  and  crystal- 
line calcite,  which  occupy  the  interior  of  the  foraminiferal  testa; 
while  all  the  bodies  described  from  the  interior  of  the  grannies 
oociiT  also  in  the  phosphatic  matrix  of  the  coprolite  which  imbeiis 
both  the  foraminifem  and  the  green  grains,  and  in  the  Chalk-marl 
which  contains  the  coproUtes.  The  character,  in  fact,  of  the  iir^nlsr 
granulee  and  of  the  foraminiferal  casts  is  that  of  Chalk-marl, 
which  has  become  changed  by  a  mineral  replacement  into  glauconite. 
What  the  catiee  is  which  has  induced  this  change  is  another  qnestion, 
but  apparently  the  presence  of  organic  matter  in  some  form  or  other 
has  been  essential  to  it ;  thus  we  frequently  find  glauoonitic  material 
forming  a  cast  of  the  interior  of  a  foraminifer  and  infiltrating 
its  tubnles,  without  in  the  least  affecting  its  calcareous  walls,  whii£ 
retain  their  original  composition.  It  liere  then  occupies  the  place  of 
animal  matter  to  the  total  disregard  of  the  associated  mineral  shell. 
To  this  it  may  be  objected  that  the  glauconite  may  also  be  regarded 
as  occupying  a  space  separated  from  the  external  Chalk-marl  by  a 
limiting  foraminiferal  test,  and  that  the  presence  of  this  separation 
was  sufficient  to  bring  about  the  infiltration  which  has  taken  place ; 
bat  if  tlm  view  be  tnie,  ooe  would  ex^iect  to  find  some  trace  of  a 


V.  J.  Solbu — Orem  QraiM  in  the  Cambridge  Oreenaand.      543 

nogressive  growth  in  the  glanconite  from  the  exterior  inwards, 
rhile  in  faot  no  signs  of  any  such  increase  can  he  detected,  neither 
a  snocessive  incrustations,  nor  in  any  crystalline  arrangement,  like 
hat  which  one  observes  when  a  mineral  infiltration  has  really  taken 
»laoe  in  this  stalactitic  manner. 

The  glauconite  is  indeed  not  crystallized,  but  simply  cryptocrystaU 
ine,  in  exactly  the  same  way  as  flint  and  coprolite  are  crypto- 
irystalline.  Accepting  then,  as  seems  to  be  generally  allowed,  that 
he  presence  of  animal  matter  has  been  one  of  the  essential  deter- 
nining  causes  for  the  deposition  of  glauconitic  material,  we  have 
lext  to  find  animal  matter  for  this  purpose.  The  inclosed  Forami- 
lifera  seem  too  minute  to  have  furnished  a  sufficient  supply,  nor 
lave  they  been  proved  to  be  constantly  present  in  the  granules, 
especially  since  the  sections  of  many  of  the  latter  show  no  signs  of 
hem ;  it  thus  appears  that  we  must  have  recourse  to  the  agency  of 
tuch  minute  and  soft-bodied  organisms  as  are  to  be  found  amongst  the 
Etetista  and  Protozoa;  these  scattered  throughout  the  Chalk-marl  in 
vhich  the  green  grains  were  originally  formed  would,  on  their 
ieath,  lead  to  a  deposition  of  glauconite  about  themselves,  and  thus 
leoessarily  include  the  immediately  adjacent  Foraminifera  and 
sooooliths,  and  the  other  bodies  which  they  now  contain ;  while  the 
(hape  of  the  resulting  glauconitic  mass  would  be  simply  determined 
>y  the  irregular  extension  of  the  decaying  organic  matter. 

The  resemblance  of  the  glauconitic  granules  to  flints  and  copro- 
Ites,  which  appears  on  this  view,  is  very  striking.  Both  flints  and 
x)prolites  are  found  filling  the  interior  of  certain  shells,  most  notable 
nstances  of  which  are  the  coprolitic  casts  of  Fleurotomaria,  and  the 
lint  which  fills  the  interior  of  Ananchytea;  both  frequently  surround, 
)ven  to  the  extent  of  inclosing,  the  organisms,  which  at  other  times 
;hey  simply  occupy  as  casts ;  and  both  also  have  served  to  mineralize 
he  soft  animal  matter  furnished  by  various  kinds  of  sponges ;  the 
glauconitic  granules  similarly  are  frequently  confined  to  the  interior 
>f  foraminiferal  tests,  from  which,  however,  they  sometimes  extend 
so  as  to  spread  over  the  exterior  and  form  a  complete  inolosure, 
nrhile  finally,  according  to  our  view,  they  present  a  further  analogy 
in  that  they  have  also  formed  about  the  soft  bodies  of  decomposing 
mimals,  of  the  previous  existence  of  which  they  now  supply  the 
}nly  trace. 

EXPLANATION  OF  PLATE  XXI. 

Pio.  1.  Section  of  a  glauconitic  granule,  magnified  140  diameters;  {/)  included 

Foraminif er ;  (p)  granules ;  (m)  fragment  of  crystalline  mineral. 
^o.  2.  Section  of  a  glauconitic  gpranule,  including  a  part  of  a  Foraminifer  (/) ; 

the  rest  of  which  is  cut  off  by  the  ed^re  {I).    ( x  140.) 
Pzo.  3.  Section  of  a  glauconitic  granule,  magnified  435  diameters;  (d)  coccoliths; 

{e)  coccosphere;  (s)  splinter  of  uncertain  nature.    The  other  letters  as 

in  Fig.  1. 
Pio.  4.  Part  of  the  polygonal  reticulation  of  which  one  of  the  green  granules  is 

composed,     (x  435.) 
Pio.  5.  Simple  form  of  coccolith ;    (a)  the  outer  annulus ;    (e)  the  clear  zone ; 

(«)  the  clouded  central  area ;  (y)  the  central  granule. 
Pig.  6.  Coccolith  with  marginal  grove,  seen  face  on,  but  slightly  tUted  at  one  end ; 

(6  a)  side  riew  of  the  preceding. 
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f  Fid.  T.  l*Tin  form  of  timple  cnccolltti,  showinf;  luperflcial  omamenuuinn  at  ih 

anuulus. 
f  7luB.  8  111  13,  Cocrotithe  exliibiling  the  mtunathe  stngea  in  whidi  thii  nurrtl  m 
I  bcoome*  BubdiridMl, 

Flo.  It.  Fra^^upnt  at  a  coniplei  coMolith  included  in  a  glaucnitilio  gtanuli, 
Ftna.  15  Id  19.  Vnriuiu  atalked  forma  ot  caccolitli. 
Flo.  m.  A  Tuiety  of  Fig.  S,  grajialated  at  the  muTjin. 
Tta.  20.  Mcmbrauoai  film  loft  after  tbe  anlatiba  <if  a  fcina  like  Fig.  B. 
Figi.  S  to  20  are  niBgnitied  fruia  ISOO  to  2000  dUmelcn. 

ni. 0  N     SOOTTISH     MONOGBAPTIDX. 

Sj    ChIKLBB    LlFWOKTB,    F.G.S. 
{CmcUdat  from  pagt  607.). 

§  vin. 

G«nH8  Ctrtogr4ptub,  Carrothere. 
This  genus  was  foimded  by  Mr.  Carnithers  to  inclade  those  ooni- 
pound  formH  of  monopriaQidiaii  Graplolilcs  in  which  the  polypai; 
IB  uiiilnteni],  growing  from  the  initial  point  in  ono  direction  onij. 
There  cnn  be  no  hceitatioQ  ia  regarding  it  morphologically  as  t 
branching  MmiograpUtt ;  its  mode  of  development,  the  cJiaractets  of 
itfl  hydrothecn,  and  its  geologioal  distribution,  all  pointing  unmistalc- 
ftltly  in  this  direction.  It  is  also  very  variable  in  its  mode  of  brsncti- 

abte  in  every  respect  from  typioal  specimeos  of  JUonograptug.  Thie 
negative  evidence  ia,  however,  of  no  great  weight,  as  tlLese  eiamplei 
previous  to  fossiltzation  may  have  been  deprived  of  the  branches 
they  once  possessed.  Unlike  Monograptui,  the  species  of  this  gentu 
are  few  in  number,  and  even  indi\'idual8  are  of  rare  occurrence.  Be- 
collecting,  however,  the  fragmentary  state  in  which  all  the  forms  of 
the  present  family  are  preserved  to  us,  and  tbe  impossibility  of  iden- 
tifying a  species  of  Cyrtograptus  unless  we  possess  unequivocal  evi- 
dence of  tlie  compound  character  of  the  polypary,  it  may  be  regarded 
as  certain  that  our  present  scanty  list  will  be  greatly  augmented  in 
the  future. 
35.  CvBTOflKAPTra  Cabruthebbi,  sp.  nov.  Plate  X.  Figs.  6o-c' 
Polypary  unilateral,  compound,  monoprionidiaD.  Principal  branches 
long,  slender  and  flexuons,  originating  similar  secondary  and  simple 
branches  at  distant  intervals.  Hydrotfaecte  16  to  the  inch  :  conical, 
adnate,  in  contact  only ;  apertural  mai^in  of  each  inolised :  denticle 
mucronate,  conspicuous. 

The  principal  branch  exhibits  the  peculiar  circinate  prorimal 
termination  so  frequent  in  the  allied  genus  Monograptnt,  and  Is  more 
or  less  cun'ed  throughout  the  whole  of  its  extent.  Extremely 
Blender  at  its  origin,  it  almost  insensibly  expands  to  the  normal 
diameter  of  one-twentieth  of  an  inch,  including  the  projection  of  tlie 
hydrothecre.  As  a  rule  the  polypiferoua  mai^in  is  that  of  the  outer 
edge  of  the  curve,  but  great  irregularity  in  this  respect  is  caused 
by  the  frequent  entanglement  of  the  secondary  branchea.  These 
exactly  i-esemble  the  primary  branch  in  size,  length,  and  amount  of 
curvature,  but  appear  to  be  invariably  simple. 

^  See  Gkol.  Uul.  toi  July,  Q.  321, 
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The  hydrothecaB  are  of  the  type  of  those  of  Monograptus  Nthaonif 
!£arr.  They  are  very  widely  set  and  just  touch  each  other  at 
their  extremities.  Each  is  of  the  general  form  of  an  inverted  cone, 
and  is  pressed  flat  against  the  margin  of  the  periderm.  The  outer 
edge  of  each  is  straight  and  makes  an  angle  of  ahout  30  degrees 
^th  the  axis  of  the  hranch.  The  apertural  margin  is  usually  much 
inclined;  so  that  the  denticle  is  distinctly  acute.  It  is  occasionally 
prolonged  in  a  slender  spine. 

Fragments  of  Cyrtograptus  CarnUhersi  are  easily  distinguished 
from  those  of  Monogr,  NtUsoni,  which  occurs  upon  the  same  horizon, 
ly  the  size,  shape,  and  number  of  the  hydrothecsB. 

I  dedicate  this  striking  form  to  Mr.  Wm.  Carruthers,  F.K.S.,  the 
foander  of  the  genus,  to  whom  I  anx  greatly  indebted  for  assistance 
in  my  work  among  the  Oraptolites. 

Locality. — Kiocarton  Beds  of  EUiotsfield,  Shankend,  Biccarton, 
Hosspaul. 

36.  Cybtoobaptub  Gbati,  sp.  no  v.    Plate  XX.  Figs.  11a,  11 6.* 

Polypaiy  unilateral,  monoprionidian :  branching  and  re-branching. 
Branches  slender,  flexuous,  distant  HydrothecsB  20  to  the  inch ; 
slender  tubes,  the  earlier  portion  of  each  closely  adpressed  to  the 
periderm ;  distal  portion  isolated  and  partly  coiled  up  into  a  rounded 
lobe. 

Although  fragmentary  examples  occur  in  abundance  in  one  locality 
in  the  Girvan  district,  our  knowledge  of  this  species  is  yet  far  from 
being  complete.  I  figure  the  most  perfect  specimen  hitherto  detected 
(Plate  XX.  11a).  The  principal  branch  is  short,  much  curved 
and  of  great  tenuity.  The  secondary  and  tertiary  branches  are  long 
and  flexuous.  Their  diameter,  including  that  of  the  hydrothecas, 
never  exceeds  one-thirtieth  of  an  inch.  The  latter  are  of  the  type  of 
those  of  Monogr,  lohiferus,  M'Coy ;  and,  as  in  many  of  the  species 
of  the  group  typified  by  that  form,  the  free  lobed  portion  increases 
in  extent  as  the  polypary  grows  in  length.  In  the  earlier  portion  of 
the  primary  branch  the  free  portion  is  scarcely  perceptible ;  while 
in  the  better  developed  portions  of  the  tertiary  branches  at  least 
half  the  theoa  is  isolated  and  the  lobe  is  rounded  and  very  con- 
spicuous. 

This  species  is  named  after  it«  discoverer,  Mrs.  W.  Gray,  whose 
unequalled  collection  from  the  Silurian  rocks  of  Girvan  has  already 
been  of  such  signal  service  to  science. 

Locality, — Girvan  beds, '  Ayrshire,  at  Penwhapple  Glen ;  Gala 
Group  at  Yair,  Elwa^d  ? 

§IX. 

DiMOBPHOGBAPTUS,  gCU.  nOV. 

Gen.  Chab. — Polypary  originating  from  a  persistent  adherent  sicula ; 
proximal  portion  monoprionidian  ;  distal  portion  diprionidian. 

Pending  the  complete  elucidation  of  their  structure  and  affinities, 
1  propose  to  unite  provisionally  under  the  foregoing  title  some 
very  remarkable  fossils  of  rare  occurrence  m  our  Scottish  rocks, 

^  See  Geol.  Mao.  for  Nov.  p.  507, 
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whicli  appenr  to  unite  in  tbemselvea  the  characteristJoa  of  Vm 
distinct  Graplolilic  families.  In  these  annmaloiis  speciee  tho  ooiD* 
earcal  tube  originatee  from  a  point  od  the  lateral  margin  of  Hot 
sieulo  a  little  removed  from  ita  broader  eitreniity,  adheres  to  it  by 
the  proximal  portion  of  ita  dorsal  wall,  and  is  prolonged  bcj'oild  it 
in  tha  same  general  direction,  exactly  as  in  every  species  of  the 
Monofjraptidm  whose  development  has  been  thoroughly  inTesti- 
gated.  But,  after  the  coonositro  has  developed  a  few  hydrnthecE.  il 
Btiddenly  subdivides,  and  forma  two  branches,  which  grow  sids 
by  side  at  a  tolerably  equal  rate,  adhere  to  each  other  throughout 
their  whole  extent  by  their  flattened  dorsal  walls,  and  give  to  tb 
distal  portion  of  the  polyj>ary  the  identical  stmcture  and  appearana 
of  that  of  Diplograpltti. 

Guided  more  especially  by  the  appearanoes  successively  presonl*! 
hj  the  Bioula  and  polypary  in  tke  earliest  stages  of  development  in 
Ceaograptug,  Hall,  and  its  allies,  I  formerly  advocated  the  view  tbit 
the  sicula  in  all  the  bilateral  genera  threw  out  two  hnds — one  fno 
each  of  its  opposite  lateral  margins ;  and,  by  analogy,  extended  it  to 
include  adherent  forms  lile  Diplograptim  and  CtimaeograptM.  There 
is,  however,  another  Iheoty ;  which,  though  it  may  appear  at  Gnt 
sight  totally  irreconcilable  with  the  successive  phases  of  the  budiUne 
polypary  in  some  forms  of  the  Diplograpli,  is  far  eimpler,  and  in  tH 
likelihood  will  prove  to  be  the  trne  one.  According  to  this  tlisoil 
the  sicula  in  aU  the  OraptoUndea  throws  off  a  single  bud  only,  wu 
thus  theoretically  invariably  originates  a  single  ccenosarcal  tahe. 
In  Tetrayraplas  and  its  allies,'  this  first- foniiei.1  cosiiosarcal  lube 
(pro-ctenosarc)  is  divided  immediately  at  its  origin  into  two 
branches,  and  again  subdivided  within  a  very  sliort  distauoa 
Between  the  proximal  ends  of  the  two  pairs  of  primary  branohet 
which  commence  at  these  subdivisions,  there  is  thus  formed  a  short 
horizontal  bar,  never  inore  than  one-fotirth  of  an  inch  in  length, 
totally  barren  of  hydrothocie,  and  having  the  sicula  in  its  centre. 
This  is  the  true  funick  of  Hull,  and  evidence  has  recently  been 
obtained  which  niakea  it  certain  that,  contrary  to  the  general  belief 
hitherto,  this  is  tho  only  non-polypiferous  portion  of  the  jjolypary  in 
any  of  these  highly  complex  genera.  Making  exception  of  the 
genus  Phi/Uograptua,  Hall  (which  is  morphologically  a  TetragrapM 
with  coalescent  branches),  there  is  no  secondary  subdivision  of  tlw 
non-polypiferous  portion  of  the  ctenosarcal  canal  in  any  of  the 
remaining  Grapfoloidea.  In  Diplagraplits,  Pletirograplat,  etc,  it  i« 
once  divided  immediately  after  origin.  In  Monograpliu  and  iti 
allies  it  is  not  divided  at  all. 

Hence  we  may  look  upon  Bimorphograptvs  either  as  a  Dtplo- 
graptid  in  which  the  division  of  the  ccsnosaro  is  deferred  till  several 
tiydrothecflB  have  been  developed ;  or  as  a  Monograplid  {like  Cyrto- 
graptua).  whoso  b ran ohes,  instead  of  being  free,  are  wholly  coalescent 

The  discovery  of  this  genus  lends  additional  support  to  the  theory 
that  the  MnnograptidiB,  are  the  direct  descendants  of  the  DipUtgrap- 
'  '"  t,  and  not  of  any  uf  the  compound  monoprionidian  genera.    The 
'  Cleiiosrapltf,B.ilii\  Clmuifsgrapfw,  Hopk. ;  ZoganoffrBptta,  Bail,  ttt. 
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latter  view  of  their  origin,  though  extremely  natural,  has  always 
had  two  difSculties  in  the  way  of  its  acceptance ;  viz.  the  distinct 
iaolation  of  the  sicula  in  those  genera,  and  the  fact  that  they 
appear  all  to  have  become  extinct  long  prior  to  the  advent  of 
the  first  of  the  Ifonograptida,  In  the  Diplograptida,  on  the  other 
liand,  the  sicula  is  adherent,  and  individuals  swarm  abundantly  in 
the  same  beds  with  the  Monograptidce. 

On  this  view  of  the  relationship  of  the  two  families,  we  may  set 
down  the  coalescence  of  the  branches  in  Dimorphograptua  to  partial 
zeversion.  To  the  same  cause  may  perhaps  be  ascribed  the  bilateral 
character  of  the  polypary  in  the  abnormal  examples  of  Monograptns 
rumeinaiua,  etc. 

37.  DiMOBPHOORAPTua  EL0NGATU8,  sp.  nov.  Plate  XX.  Figs.  12a-&. 

Polypary  one  and  a  half  to  two  inches  in  length ;  proximal  portion 
monoprionidian,  slightly  recurved,  slender  and  tapering;  distal 
portion  diprionidian,  expanding  to  a  maximum  width  of  one- 
twelfth  of  an  inch.  Virgula  distally  prolonged.  Hydrotlieco;  20 
to  the  inch ;  making  a  small  angle  with  the  axis  of  Uie  polyjxiry ; 
long,  slender,  without  overlap;  apertui-al  margin  of  each  much 
inclined ;  denticle  acute,  conspicuous. 

The  sicula,  which  is  slender  and  about  one-tenth  of  an  inch  in 
length,  lies  upon  the  dorsal  aspect  of  the  proximal  extremity  of  the 
polypary,  as  in  Monograptus.  In  some  examples  there  is  a  short 
extension  of  the  virgula,  directed  proximally  in  the  line  of  the 
rature  between  the  sicula  and  polypary.  The  proximal  mono- 
prionidian  portion  of  the  pulyjmry  has  the  peculiar  dorsal  curvature 
80  frequently  seen  in  Monograptiis.  The  earlier  hydrothecad  are 
pressed  flat  against  the  periderm;  the  apcrtural  margin  of  each 
transgresses  for  some  distance  upon  the  surface  of  the  one  which 
precedes  it,  and  forms  a  very  minute  excavation.  The  latter  is 
shallow,  and  becomes  less  and  less  appreciable  as  the  polypary 
increases  in  length.  Tlio  thccie  themselves  are  of  the  genenil  type 
of  those  of  Monogr.  tenuis,  Portlock,  and  of  those  of  the  Diplograpii 
resembling  Diplogr.  tamariacns,  Kich.  In  the  distal  portion  of  the 
polypary  the  shallow  apertural  margin  of  each,  which  has  previously 
stood  at  right  angles  with  tlie  general  ventral  edge,  gradually 
increases  its  inclination  till  finally  it  makes  an  angle  of  about  45^ 
with  the  axis  of  the  theca,  and  the  denticle  becomes  long  and  very 
acute.  This  part  of  the  fissil,  when  found  in  fragments,  is  un- 
distinguishable  from  the  correRiK)nding  portion  of  Biplograptus 
aeuminatus,  Nich.,  which  occurs  in  abundance  upon  the  same  horizon. 

Fragments  occur  in  association  with  this  species  which  seem  to  he 
wholly  monoprionidian.  They  possibly  belong  to  this  form ;  as  in 
South  Scotland  no  true  examples  of  Monofjraptus  have  yet  been  met 
with  BO  low  in  the  Moffat  Series ;  but  our  knowledge  of  the  species 
is  as  yet  too  limited  to  enable  us  to  determine  the  point  with 
certainty. 

Loeaiity. — Dimorphograptua  elongatus  is  a  very  rare  fossil  in  the 
lowest  zone  of  the  Birkhill  Shales  at  Dobbs  Linn  and  Grai^jailchaxi. 

'  See  Geol.  Mao.  for  l^ov.  p.  507. 
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3d.  DLMOKFiioGKAiTrs  SmxsTOSL  sp.  DOT.   Plate  XX.  Fig.  13*-c' 

Pojypary  leM  than  ooe  inch  in  length ;  proximal  portion  lumw- 
prionidiao.  narroir.  recurred  and  having  a  blunt  inirial  eitrwuiir 
fonned  bj  a  ifaoTt  itoat  «caU ;  distal  portkw  rapidl;  expudin^  u 
a  nonnol  diameter  of  one-«ightb  Of  as  incli.  HjdrothecB  Sd  to  U 
to  the  inch,  witboat  trrorinp ;  tnakii^  an  an^e  of  about  30"  wilk 
the  general  ventral  mai^n ;  outer  edge  of  each  concave ;  ajMrlanl 
edf^  deep  and  slightly  oblique. 

The  length  of  the  proiimal  portion  of  the  polypary  varies  from 
one-eighth  to  nearly  oDc-Iliird  of  an  inch,  and  the  niunber  of  ill 
hjOrothecs  from  three  to  five.     Except  in  its  short  and  broad  sicol^ 
this  part  of  the  fossil  agrees  precisely  in  all  it*  characters  with  lie 
earlier  portion  of  Monograplnt  gre^ariiu.  Lapw.     The  hydrotheca 
are  a   little  more  prolonged   in   the  diprionidian   portion  of  iIm 
poly^nrT,  and   there   is  occasionally   well-marked  overlap  in 
neighbourhood   of  the   dt^&l   extrismity.      Hero  the   aperture; 
either  directly  visible,  slightly  foreshartened,  or  there  is  a  bfMJ 
deiili(--k'.  one  margin  of  which  ia  concave  and  the  other  convei. 
youiig  examples  appears  a  minute  dietal  proloQgatii:>n  of  the  ' 
diKtiuct  61ifoTm  virgnla;  in  adult  specimens  it  is  wholly  iuvi^ibl 

Zoealilf. — This  well-marked  litlle  species  has  not  yet  been  dotertrf 
in  the  South  of  Scotland ;  but  is  here  described  and  figured  as  strik- 
ingly illuatratiTe  of  thia  remafkaUo  genua.  The  aperamens  fignnd 
were  forwarded  by  "Wm.  Swanslon,  Esq.,  of  Belfnsf ,  to  whose  cabinet 
tliej-  Tielong,  and  whi>  is  at  present  engnged  in  working  ou  it  be  Grapto- 
litiferouB  bands  of  the  North-Eaetof  Ireland  with  remarkabie  success 

In  addition  to  the  fomis  described  in  the  foregoing  pages,  thew 
are  several  distinct  South  Scottish  species  of  JUotioyraptida  of  wbid 
€nly  fragments  have  hitherto  been  detected.  Following  ont  lJ» 
rule  laid  down  at  the  coramencenient  of  tJiis  memoir,  I  shall  delM 
their  description  niitil  both  extremities  of  each  form  have  been 
recognized  and  its  full  diagnosis  thus  rendered  possible. 

It  may  be  that  future  investigation  will  show  that  some  of  tbf 
forms  here  classed  as  varietiee  ought  rather  to  bo  regarde"!  «• 
<li9tinct  species.  Even  during  iJie  progress  of  the  paper  fragnieiiiJ 
from  the  dialal  extremity  of  J/<mo<?rap/ui  cottvolflns,  B.i&.(  =  fpiralii. 
Geinitz),  hitherto  ideulificd  by  its  proximal  extremity  alone.  hsTS 
been  detected ;  and  as  the  theco;  are  precisely  similar  in  form 
throughout  the  whole  extent  of  the  polypary,  and  thus  strikinglj 
different  from  all  those  of  the  remainder  of  the  Sedgteifki  groop, 
there  can  no  longer  bo  any  hesitation  in  regarding  it  as  a  dislintt 
species.  It  is  very  doubtful  also  if  Xonograplua  du2iiii«,  Sucss,  am 
long  be  retained  as  a  variety  of  Moitog.  eolonaa. 

On  the  other  hand,  M.  Haiti,  Barr. ;  if.  BiccartimeBtU,  Lap' 
and  M  Flemingii,  Salter,  though  so  strikingly  different  in  iheir 
general  aspect  in  the  field  that  no  one  would  hesitate  to  regard  tbem 
as  distioct  species,  yet  approximate  to  each  other  bo  closely  in  iba 
form  of  tJie  tbeca  and  its  ornaments,  that  we  may  eventually  be 
ibroed  to  look  upon  theiu  as  being  merely  suooessive  (chronological) 
Varietiea  of  one  and  tlie  aame  a^wvea, 

>  See  Ourt-  lAwj.  fat'SQi .  ^.  W\. 
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On  on  inspection  of  llie  foregoing  table  it  is  at  once  appnient  tbil 
the  Scottisli  Monograptidffl  noticed  in  this  paper  fall  into  three  well- 
mnrliwl  specific  groups.  The  first  group  embraces  tliose  of  lie 
Birkhill  Shales ;  the  second  those  of  Gala  and  Girvan  ;  and  the  thinl 
those  occurring  in  the  Upper  Silurians  of  Riccarton  and  the  Pcnlland 
Hills.  The  first  and  second  of  these  groups  overlap  each  other  to 
a  lai^  extent — at  least  half  the  species  of  the  O&la  rocks  beiag 
curvivore  from  the  Birkhill  fattua.  Bemembering  the  fact  that  tite 
Birkhill  and  Gala  fonnations  pass  almost  insensibly  the  one  into  llie 
otlier  by  a  gradmil  lithologictd  and  palteoutological  transiLion,  tkii 
large  community  of  species  appears  extretuely  natural.  Between 
the  second  and  third  groups,  however,  there  is  a  decided  palsonto- 
logical  break — only  two  of  the  Gala  forms  occurring  in  the  Riccarton 
Beds.  This  also  is  easily  accounted  for,  as  the  intervening  Hanii;k 
beds,  which  would  naturally  yield  the  forms  common  to  the  two 
groups,  haa  not  as  yet  afforded  any  esamples  of  Graplolitei. 

Group  A. — In  Scotland  this  group  falls  into  two  divisions— tbe 
earlier  of  whioh  is  mainly  distinguished  by  the  absence  of  ihow 
Birkhill  forms  which  survive  into  the  Gala  Group  ;  and  by  the  «■ 
elusive  presence  of  Dimorphograplua  elongaltis,  Monogr.  Sandrno»i, 
Mmtogr.  prahriatva,  Mvnogr.  triangjilatiiB,  and  the  typical  form  of 
Batt  rites  peregrinut. 

Outside  of  South  Scotland  tlua  minor  aeaemhlage  oocnrs  in  lis 
typical  form  only  in  the  Goal-pit  Bay  beds  of  County  Down. 

Tlie  later  division  contains  a  largo  admixture    of   Gala  forms.    ' 
As  yet  its  only  exact  foreign  representative  occurs  in  the  lowest  zone 
of  the  Upper  Graptolite  Schist  of  Sweden. 

The  forms  of  Group  A,  considered  as  a  whole,  are  met  with  in 
abundance  in  the  C-onislon  Mudstone  of  the  North  of  England, 
whicli  ought  in  all  probability  to  bo  looked  upon  as  the  ei.ict  repre- 
sentative of  the  Birkhill  Shale  of  South  Scotland ;  if,  indeed,  it  be 
not  a  portion  of  the  same  wide-spreading  Graptolitio  deposit.  Aa 
this  Coniston  Mudstone  reposes  upon  the  representative  of  the  BaU 
Limestone  of  North  Wales,  it  is  probably  of  Lower  Llandovety  sge. 
Tliis  aids  us  in  £xing  the  age  of  the  Birkhill  Shales,  which  must 
thus  form  the  first  member  of  the  Scotti^  Middle  Silurian.  The 
same  assemblage  of  species  re-appear  in  the  Kiesel  Schiefer  of 
Saxony  and  I'huringia,  i.e.  in  the  zone  of  Black  Shale  upon  which 
reposes  the  great  mass  of  the  Middle  Silurian  of  that  district 

Group  B. — This  embraces  the  forms  found  in  the  great  Greywacke 
Series  of  the  Gala  Group,  and  is  made  up  of  sovend  survivors  of 
the  Birkhill  fauna,  seme  peculiar  species,  and  two  or  three  Upper 
Silurian  forms.  Tlio  peculiar  species  include  Cyrtogroplui  Grayi, 
Monogr.  Galaengia,  HJonogr.  crtspaa,  JJonogr.  Barrandei,  Monogr. 
(xiguua.  Of  fossils  passing  upwards  into  the  Upper  Silurian  only 
two  are  yet  known  ;  Monograptua  Eitingeri  and  Monogr.  priodo*. 

This  assemblage  of  forms  is  unknown  outdde  of  Sonth  Scotland, 
but  if  we  suppose  the  Hawick  rocks  to  yield  the  Upper  Silurian 
forms  whioh  are  found  in  association  with  Gala  species  at  Tieveshilly 
(Izei&ad),  etc.,  i&  ted&  v^\c^  «.^^«»x  t);i  <!avaa  into  tlie  place  of  the 
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Hawick  beds,  it  beoomes  at  onoe  recognizable  in  several  foreign 
localities. 

A  few  of  its  commoner  forms  are  met  with  in  Thuringia,  as  at 
Linda,  Grafenwarth,  eta,  but  the  whole  group  is  especially  charac- 
teristic of  the  Colonies  of  Mens.  Barrande,  and  possibly  of  the 
greater  part  of  the  band  E.  e. — 1,  which  he  places  at  the  base  of 
his  Upper  Silurian.  In  Sweden  some  of  its  species  occur  in  the 
higher  beds  of  Dr.  Linnarsson's  Upper  Ghraptolitic  Schists  (zone  B. 
of  Table),  almost  at  the  summit  of  his  Lower  Silurian.  In  France 
and  Spain  a  few  of  the  same  forms  have  been  detected  in  beds 
believed  to  lie  either  at  the  summit  of  the  Lower  or  at  the  base  of 
tlie  Upper  Silurian  of  those  countries. 

Group  C. — This  is  constituted  by  the  Monograptida  occurring  in 
the  Riccarton  Beds,  and  in  the  Lower  Division  of  the  Silurians  of 
the  Pentland  Hills.  Its  remarkable  distinctness,  as  a  whole,  from 
that  derived  from  the  Gala  Series,  owing  to  the  unfossiliferous 
nature  of  the  intervening  Hawick  rocks,  has  already  been  sufficiently 
insisted  upon.  Its  peculiar  forms  in  South  Scotland  are:  Mono- 
graptuB  colonus.  Ban*. ;  var.  dubitu,  Suess ;  JIf.  Biccartonensts, 
Lapw. ;  M,  Flemingii,  Salter ;  If.  vomerinus,  Nich. ;  and  Cyrtograptm 
Carruiherai,  Lapw. 

Its  unequivocal  Upper  Silurian  character  is  clear  from  the  fact 
that  its  Graptolites  are  those  of  the  Coniston  Flagstones  of  the  Lake 
District,  and  of  the  strata  of  the  Wenlock  and  Lower  Ludlow  for- 
mations of  Siluria. 

On  a  general  review  of  the  whole  of  the  facts  adduced  in  the 
foregoing  pages,  it  appears  that  we  possess  at  the  present  time 
sufficient  evidence  to  justify  us  in  accepting  the  following 
generalizations. 

Of  the  numerous  forms  of  Graptolites  belonging  to  the  family  of 
the  JJonograptida  afforded  by  the  Silurian  rocks  of  the  South  of 
Scotland,  each  has  a  certain  definite  restriction  in  the  vertical  series 
of  deposits. 

Fiuther,  the  three  successive  rock-groups  of  Birkhill,  Gala  and 
Biccarton  possess  each  a  well-marked  assemblage  of  Monograpttdaf 
which  is  easily  separated  as  a  whole  from  that  of  Sie  other  formations. 

And  finally,  the  general  vertical  succession  of  species  and 
varieties  of  the  Monograptida  in  these  rocks  is  in  complete  accord- 
ance with  that  in  Ireland,  Westmorland,  Central  Europe,  and 
Scandinavia. 

My  obligations  to  Mr.  W.  A.  Sanderson  have  been  already 
acknowledged.  Of  others  to  whom  I  am  specially  indebted  for 
assistance  in  these  researches,  the  chief  is  my  friend  Mr.  Jas.  Wilson 
of  Edinburgh,  by  whom,  or  in  whose  company,  the  majority  of  the 
forms  figured  were  originally  collected  in  the  field.  Prof.  H.  A. 
Nicholson  generously  accorded  me  the  valuable  privilege  of  studying 
his  magnificent  collection  of  English  forms  from  the  Lake  District 
and  Siluria.  Mr.  W.  Swanston,  of  Belfast,  submitted  for  examination 
all  the  species  discovered  by  him  in  the  Silurian  rocks  of  County 


■  HaUed  ■tenM  and  boaUen,  and  n*  wpantied  hj  ioiei- 
""_""»  md  atbar  (banlt.  onallj  id 
r  Hate  of  |aiauiiMliuu  Uwa  Ibeae  ta  eaUMr  of  Aa  atony  days. 
In  hv  "Great  loe  Aae."  Mr.  G«ikte  describes'  these  depo«it»  mow  nt 
]etjg:b,  at,i3  gives  ti.«  f<..lI:.wiL.g  general  socoession  of  lie  Gbciftl 
deposit*  in  Lewis,  in  de«cendii)g  otder : — 
-    1.  BodIiW-cUt. 

J.  Sand,  eTKfl.  tad  coane  liungle,  with  rolled  and  anptilu  fngmmts  of  ihclk. 
i.  Dark  tiluub-brovn  cIit  aad  nil,  wilb  sbeUi,  manj  of  them  mere  tn^tatna. 
4.  boD](kT-cl>T,  irith  broLoi  KbelU. 
6.  Till. 

In  1874  Mr.  Qeikiv  paid  another  Tigit  to  Lewia,  with  the  view  of 
farther  canning  out  his  obeerrations  on  the  glaciation  of  the  islnnd, 
and  during  that  visit  I  bad  the  pleasure  of  accompany' ing  htm.  The 
following  list  gives  the  fossils  obtained  by  ns  from  the  two  localiliei 
at  which  the  foseiliferous  beds  had  been  noticed.  It  was  our  inlea- 
tion  on  starting  to  have  devoted  much  more  time  to  this  branch  of 
the  subject,  but  circumstances  over  which  we  had  no  control  pre- 
vented this,  and  we  had  to  content  ourselves  with  one  short  visit  to 
each  of  the  localities.  Could  more  time  have  been  devoted  to  the 
search,  I  feel  sure  the  list  would  be  considerably  angmented,  espe- 
cially in  the  more  minute  organisms.  Unfortunately  we  had  no 
appliances  for  bringing  away  with  us  portions  of  the  sands  and  clavs 
for  washing  anrl  sorting,  all  the  smaller  organisms  having  been  ob- 
tained by  washing  the  matrix  contained  within  the  moUusca. 

The  forthcoming  new  edition  of  Mr.  Geikie's  work    renders  it 

unnecessary  to  say  more  on  the  geology  of  the  subject,  as  that  will 

be  fully  treated  of  there. 

Aa  before   stated,  two  localities  were   hurriedly   searched,  \iz. 

'  Quart.  Joum.  Oeol.Boc.  ^oV.  x-Qi.^.&'i^-  *  ut  209-U. 
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Traigh  Chrois  and  Traigh  Shnainoboist.  They  are  both  situated  on 
the  north-west  coast  of  Lewis,  a  little  to  the  south-west  of  the  Butt. 
The  former  is  nearly  1^  miles  west  of  the  village  of  Swainabost,  and 
the  latter  about  1  mile  north-west  of  the  same.  We  likewise  ob- 
served a  similar  set  of  fossiliferous  beds  on  the  coast  to  the  south-east 
of  Port  of  Ness,  but  time  did  not  permit  us  to  make  any  collection. 

In  the  succeeding  list  I  have  indicated  the  two  localities  by  the 
initials  T.C.  and  T.S.  respectively,  the  former  for  Traigh  Chrois, 
the  latter  for  Traigh  Shnainoboist  Those  species  which  have  been 
met  with  in  the  Boulder-clay  of  Caithness  are  indicated  by  an  asterisk 
placed  before  them. 

List  op  Fossils  fbom  the  Glacial  Deposits  of  tub  North-west 

Coast  of  Lewis. 


'••«        ••••• 


^  UPPER  BOULDER-CLAT. 

Balanua  htUanoidet,  Linn.  ..»    ...»    

^Cifprma  Islandiea,  Linn ^    .»«     

*Saxieava  Norvegica,  Spengler    »»    ..... 

^Turritella  Ureiraf  Liim.    ....    ..... 

laminated  beds. 

^Trilocuiina  oblonga,  Montg.       .^    ..... 

*Quingtteloculina  aeminulunif  Linn.-    

^Dentalina  conununis,  D'Orb.  yar 

^Truneatulina  lobatula^  Walker  ...     

^PolyatomeUa  erispa,  Linn.  .^     

^Nonionina  asierizansy  F.  &  M .... 

•  „        depreuuh,  W.  &  J. «     .... 

Balanu8  halanoide»y  Linn.  ...    

*Saiieornaria,  gp 

*Feeten  lalandieua^  Miiller  .... 

Leda  pernula,  Miiller 

^Cardium  eehinatum,  Linn 

•  „        eduUf  Linn 

^Cyprina  Islnndiea^  Linn «     . 

*A8tart$  mieata.  Da  Costa 

„        eompretaa^  yar.  atriataf  Miiller 

„        depresaa^  Brown        

^TelUnahalthiea^lAsai, . 

Maetra  iolida,  Linn.   

•  Jfy«  truneata,  Linn 

^Dentalium  eniali,  Linn 

^Turritella  terebra,  Linn 

*2fatica  AUUri,  Forbes 

„  Motitaeutij  Forbes 
*Aporrhaf8  pes^pelieani,  Linn. 
*Buecinum  utidatum,  Linn  ... 

^Trophon  truneaius,  Strom 

Funu  gracility  Da  Costa    

LOWER  BOULDER-CXAT. 

Truneatulina  reftdgens,  Montf . 

^Polysttmella  ttriatopunctata,  F.  &  M.  P 

^Cyprina  Islandica,  Linn. 

*A8tarte  sulcata,  yar.  tUipiiea,  Brown 

„        eompretsa^  yar.  atriata,  Miiller 
^Saxieava  rugota,  Linn.       ... 


TQ 

•••••       X  « o« 

.....    T.S. 


Tn 

...      J..v>. 
...        x.iy* 


Tq 

..    ....    T.S. 

T.S. 
T.S. 
T.S. 


T.C. 
T.C. 

••••■        ■ 

T.C. 
T.C. 
T.C. 
T.C. 
T.C. 


T.C. 
T.C. 


•••        •• 


•••••  •«•••  ••«! 


•  ••  *■ 


T.S. 
T.S. 
T.S. 
T.S. 
T.S. 

T.S. 
T.S. 
T.S. 
T.S. 
T.S. 

T.S. 
T.S. 
T.S. 
T.S. 
T.S. 
T.S. 
T.S. 
T.S. 
T.S. 
T.S. 
T.S. 


>•«        »•••• 


T.S. 

Ta 

l.v/.  X.o. 

Tq 

MM*  X«0« 

T.C. 


The  foregoing  list  will  show  that  the  largest  proportion  of  our 
fossils  were  obtained  from  the  intercalated  'laminated  beds,  although 
we  found  both  the  Upper  and  Lower  stony  clay  to  be  fossiliferous. 


■,     Glacial  DefutiiM  ofLeidt. 

r  Cbgr  «n  to  bo  aeen  nndy  neata  or  ' 
HRMM,  (Ad  fmoD  OIK  of  thttm  I  obtsinod 
■  «f  IWritiiU  UrAra,  and  piecea  of  Offnta 

•  Ms.  GAm  kw  ttwiy  pnted  Mt    the  reeembUDCie  of  the 
'^~'~'  k  feMEInwa  BoiUw-clkjm  Id  Ihat  of  CuUmess.' BOil  it  uow 
~MB  far  M*  to  aU  Ifaat  cf  tbe  tirealj-two   forms  liUne 
iMfcM  froa  &•  be^  ooUadinly  atxteeo  are  met  with  in 
~    >  Bnolfat  nhj.  oaft  (.^^  ^nala)  is  nepreseDtad  by  a 
ben  a  ^wetj  {AtitrU  eoMpreaaa,  var.  atnata), 
d  hj  tbm  tjfoe^  fbno,  «bilat  four  (3/aeiTa  toUda. 
Brti  J^naaa.  aad  JBatm  Jfipaf  orati')  *re  not  givea 
ft  Mr.  C  W.  IN«ab*s  Ibt  cf  OaiOuMaa  foaaila.     Of  tbe  Poraminifera 
K  <a1;  ^  fr  —fnf  Ji'aa  n/mtfrma)  ia  iMt  mcntJoned  bj  him.' 

'  na  Bw»»L  tba  CUduteaa  depwit  is  tbe  only  one  in 

h  baa  yirided  Salirar—rJa.  as  I  do  not,  at  tbe  pres«Dt 

lent  aaiy  M«itM»  of  ita  oocnmnoe  in  the  Clvde  Valley 

Tm  fi  igaiuila  bne  toimed  up  in  the  Lewis  washings.    Oa 

g  Kal  cMft  or  two  interesting  poiotA  may  be 

II— lafcW  MdaJu  aad  IWn'Mla  lereka  are  of  frequent 

ft  ia  tba  I««is  beds,  altlioBgb  not  generally  abundant  in 

tA  filaiial  dapoBtts.    ^Rw  fbnner  of  tba  two  apetjes  a[>pmis 

.    rily  oonfined  to  tba  bads  nwt  whb  in  tbe  nofU  of  Soouand. 

ft  Wfa^  Belbdno,  Kiiu;  Edward,  and  Ganrie;*  tbe  latter  is  to  be 
foimil  in  Oiitbness,  and  at  Gvnuix*.  and  Ancblenchiies,*  Apnin, 
A'd.'i'cti  J.'oii,'tii'»Ji,  of  wbiiL  we  iibttiiit-i  .>nlT  one  specinipn,  is  said  lo 
occar  in  Bute,  in  tbe  Clyde  beds :'  whilst  Fk$aa  graeilis  bas,  so  far 
as  I  am  aware,  ooly  been  recorded  from  the  D&lmuir  deposit,  b; 
Uessre.  Crosskey  and  Robertson,'  and  in  this  c&ae  only  the  fry.  The 
single  specimen  (I  Tulve)  of  Attarle  deprtua.  Brown,  was  deter- 
mined for  me  by  Dr.  Gwyn  JefirevB,  and  is  a  peculiarly  Arctic  form. 
.Dr.  Jeffreys  appeara  to  consider  it  identical  with  AatarU  ertbrieottata, 
Forbes,'  and  under  that  name  we  bave  it  recorded  from  Bute  and 
Dalniiiir  by  the  late  Mr.  James  Smith.*  This,  with  Peelen  Itlandiciu, 
are  the  only  two  really  Arctic  shells  in  the  list,  although  there  are 
eeveml  northern  forms,  as  Leda  ptmuia,  Cyprina  Igtandica,  Saxieava 
Scrreijica,  Saliea  MonCaeuti,  Fueut  gracilU,  etc  Such  Arctic  forms 
as  Sh^ehonelta  psillacea.  liiDa. ,  Astarte  horealit,  ChotD.,  Gli/eimerii 
liliqua,  Lamic.,  and  Deiitaiium  abi/siomM,  Sara.,  which  have  been 
found  by  Mr.  C.  W.  Peach  in  the  CaitbneBS  Boolder-clay,  have  yet  to 
be  met  with  in  the  Lewisian  deposits. 

[Ifote  by  J/r.  Geikie. — "  My  chief  object  in  revisiting  the  north  part 
of  Lewis  was  to  re-examine  tbe  distribution  and  extent  of  the  shelly 

<  Great  Ic«  Age.  p.  211. 

'  See  C.  W.  feBch.  Proc.  Edin.  Physical  Soc.  toI.  iii.  pp.  3S  ami  396.    Bril. 
Anoc.  Bep.  for  1862,  Tram,  of  Sections,  p.  84  ;   1864,  p.  62 ;  aod  1S&6,  p.  65. 

*  Jamieson.  Quart.  Joum.  Geo].  Soc.  lol.  ui.  p.  198. 

*  Prof.  A.  G«kie.  Glaoial  Drift  of  Scot.  p.  182.    JamLeBon,  I.e.  p.  199. 

*  Smith,  Bnearehet,  p.  S2.  •  Traiu.  Geol.  Soc.  Glasgow,  toI.  ii.  p.  ISl. 
'  Britiah  Concholagf,  toI  iii  p.  320. 

*  Bettanhet,  p.  47 ;  and  Ciou^e^  aiii  ^\i>sAn«^  I.e.  q.  371. 
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Bonlder-clays  Dear  the  Butt,  with  the  view  of  determining,  if  possible, 
the  succession  of  physical  changes  that  ensued  after  the  deposition 
of  the  nnfossiliferons  bottom  till  which  covers  so  Aride  an  area  in  the 
Long  Island.  I  have  given  elsewhere  ("  Great  Ice  Age/'  2nd  edit. 
chap,  xvi.)  a  detailed  account  of  the  evidence,  and  only  state  here  in 
a  few  words  the  genera  conclusions  arrived  at.  They  are  these : 
1.  Period  of  intense  glaciation :  Lewis  overflowed  by  ice  coming 
from  the  mainland :  formation  of  unfossiliferous  bottom  till.  2.  Be- 
cession  of  the  ice-sheet:  ice  vacates  the  Minch,  which  becomes 
tenanted  by  northern  mollusca.  3.  Betum  of  ice-sheet:  ice* over- 
flows north  part  of  Lewis :  formation  of  lower  shelly  till  or 
Boulder-clay.  4.  Becession  of  the  ice-sheet:  partial  submergence 
of  the  land  :  arctic  and  boreal  shells  live  in  the  Minch  :  formation  of 
stratified  deposits  between  the  tills.  5.  Betum  of  ice-sheet :  ice  over- 
flows north  part  of  Lewis :  formation  of  upper  shelly  till  or  Boulder- 
clay.   6.  Final  retreat  of  ice,  followed  by  partial  submergence."] 

Before  closing  these  remarks  I  wish  to  notice  certain  peculiar 
burrows  penetrating  a  piece  of  shell,  apparently  that  of  Cyprina 
Islandica  from  Tric^b  Chrois.  The  markings  are  of  two  kinds. 
The  first  are  fine  straight  grooves  intersecting  one  another  at  various 

angles,  the  second  are  formed  of  a 
minute  perforation  or  foramen  with 

a  fan-shaped  series  of  ramifying 

'^jTII^w'jM^  |3ME<.    ,        tubuli,  always  on  one  side  of  the 

^^nVj|V  ^<j^j£s^^        foramen  (Figs.  1  &  2).  The  speci- 

men  was  submitted  to  the  Bev. 
A.  M.  Norman,  who  kindly  in- 
formed me  that  both  kinds  of  per- 
forations are  probably  due  to  fungi. 
He  thinks  that  the  fan-shaped  perforations  are  caused  by  a  fungus 
in  a  state  of  fructification  of  similar  form  to  Stysanus  caput-meduscB.^ 
Professors  Kollicker  and  Wedl  consider  that  all  the  tubuli  described 
by  Dr.  Carpenter  in  the  shells  of  Bivalves  are  caused  by  para- 
sites ;  the  former  ascribes  them  to  Unicellular  Fungi,  the  latter 
to  Confervsd.'  An  interesting  fact  in  connexion  with  these  fan- 
shaped  perforations  is  that  Mr.  C.  W.  Peach  has  in  his  cabinet 
several  pieces  of  Cyprina  Islandica,  and  other  shells,  from  the 
Caithness  Boulder-clay,  covered  with  them.  The  above  figure, 
from  a  drawing  by  Mr.  B.  N.  Peach,  represents  the  perforations 
as  seen  on  the  Hebridean  specimen  from  the  laminated  beds  at 
Traigh  Chrois.  I  have  in  conclusion  to  express  my  thanks  to 
Mr.  H.  B.  Brady  for  determining  the  Foraminifera,  to  Dr.  Gwyn 
Jeffreys  for  checking  my  determinations  of  the  Mollusca,  to  the  Bev. 
A.  M.  Norman  for  notes  on  the  above  figure,  and  to  Mr.  J.  Bennie  for 
assistance  in  cleaning  andsorting  the  fossils. 

^  See  Carpenter,  The  Microscope,  5th  ed.  1875,  p.  389. 

'  Kollicker,  **  On  the  Frequent  Occurrence  of  Vegetable  Parasites  in  the  Hard 
Structures  of  Animals,"  Proc.  Boyal  Soc.  vol.  x.  p.  95. 

*  Series  of  fan-shaped  ramifying  tubuli  seen  in  shell  of  Cjfj^rina  Islattdiea, 
••A  single  fan-shaped  mass  yery  highly  magnified. 


Fig.  1. 


Fig.  2. 


•• 
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T. — F08BILIFKE0H8  Pliockse  Clatb  ovkrlttso  Bas&i.t,  nbab  tbm 

Shore  or  Lodgb  Neagh. 
I  By  Edwaki.  T.  Haildnan-,  F.C.S.;  H.M.  Geol,  Surv.,  Irelnnd. 

'  (PLATE  XXII.) 

I'  T  N  Iho  Rpixirt  of  the  Eritieh  Ansociation  for  3874  '  will  be  fmiml 
J.  tbe  abatract  of  n  pnper  on  tLe  Age  and  Mode  of  Fonoiitiun  of 
'  Loiigb  Neagh,  with  a  description  of  tbe  Pliocene  claya  which  form  an 
I  &Dcient  and  extensive  delta  at  iia  southern  extremity.  At  the  time 
I  I  peuneil  the  pnper  in  qtiestion,  although  I  was  perfectly  eatiified 
from  eumulalive  i-iroumatantial  evidence  that  the  clays  were  of  much 

I  more  recent  date  than  the  Miocene  Basalt  which  surrounds  the  lake 
pn  three  sides,  I  bad  no  actual  proof  to  bring  forward — tlie  junctiou 
Sf  the  baealt  and  the  clay  beds  being  nowhere  visible,  bo  far  as  I  had 
had  an  opportunity  of  examining  the  district,  this  comprising  all  the 
f  nhores  of  the  Lough,  with  tlie  exception  of  a  small  comer  near 
Crumlia ;  and  it  was  therefore  necessary  to  state,  even  at  the  risk  of 
,  tediouBueMs,  the  reasons  why  the  clays  must  be  considered  to  lie  ths 
uppermost,  and  to  bo  of  Pliocene  age. 

During  a  i-ecent  visit   to    this  hitherto  unesplored  locality,  no 

mnipanying  Professor  Hull,  for  tbe  purpose  of  tracing  the  eastexQ 

I  boundaries  of  these  beds,  we  were  so  fortunate  as  to  meet  with  a 

I    well-exposed    section,    showing    the    clays   resting  on  a   denuded 

Lvurface  of  basalt.     This  was  a  pleasant  encounter.    At  the  samo 

^Abne,  one  oould  hardly  help  a  slight  feeling  of  ic^rct  Hiat  so  nadt 

dalwrate  argument  had  been  already  in  a  manner  -  fooled  away," 

as  Mtirk  Twain  has  it  — t^i  prove  whnt  was  hero  a  solf-eviilent  fiict, 

hod  one  but  seen  it  in  time.     We  were  also  so  lucky  as  to  find  at 

this  place  the  only  fossils  which,  with  the  exception  uf  plants,  have 

jet  been  discovered  in  the  Lough  Neagh  clays. 

It  may  be  well  to  mention  (hat  these  beds  form  a  very  extensive 
and  imjjudaiit  deposit,  spre:iiding  (uinler  water  and  on  shore)  over 
an  area  that  cannot  be  less  than  180  square  miles,  and  probably  in 
some  places  about  500  feet  thick.  They  repose  on  the  baealt.  and 
are  covered  by  drift.  All  the  evidence  we  bare  points  to  their 
being  of  Pliocene  Age. 

The  locality  where  the  particular  beds  I  propose  to  describe  now  are 
found  is  on  the  Grumlin  Kiver,  about  a  mile  from  the  eastern  shore 
of  the  Lough,  and  about  2^  miles  from  Crumlin  village.  Tlie  basalt 
is  exposed  for  some  distance  along  the  stream,  and  following  it 
downwards  we  came  npon  the  following  section : — 

BicTioN  IN  Cbuhlin  Bivbb.'  Pl      ^■ 

A.  RiTer  Gravel  and  Alluvium   18        0 

Dark  Giey  Laminated  Ssndj  Cluy       3        0 

/  „  „  „  foil  of  ITnio-like  sheUg ...       1        0 

Dark  Grey  Clnj      1        0 

m.    Course  Gravelly  Clay — pebblsa  of  qoarU  and  basalt — resting  in 

pockela  and  erosions  of  basalt  ... 3        0 

B.  Kodidar  Zeolitic  Basalt,  greatly  eroded       3        0 

28        0 
This  section  is  exposed  for  about  40  yards.     The  clays  are  visible 
fot  some  distance  lower  dcnu,  eu&  \&.  Q^ua  \>lfin«  exhibit  very  well 
'  Tram,  of  SectioM,  ^.  1*.  *  ?«*'S^'S3iVYvi,\. 


iii.uAe.isifl. 
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marked  cleavage.  The  basalt  on  which  they  repose  was  evidently 
the  ancient  shore  of  the  lake.  It  is  greatly  water- worn,  and  the 
pebbly  clays  lying  on  it  and  in  the  hollows  are  clearly  shore-beds. 
A  little  higher  up  the  stream  the  basalt  rises  abruptly  into  what 
must  have  been  a  bold  shore  cliff.  A  deposit  of  drift  disguises  the 
surfcice  appearance  of  this,  but  in  section  it  is  very  distinct.  Some 
distance  south  of  this,  on  the  Glenavy  Biver,  the  basalt  presents  an 
exactly  similar  aspect.  The  old  cliff  is  very  well  shown,  while  a 
little  lower  down  the  Pliocene  clays,  full  of  plants  and  lignite,  are 
found ;  but  the  junction  is  hidden. 

The  presence  of  these  ancient  cliffs  not  only  serves  to  mark  the 
former  extent  of  the  lake — which  must  have  been  at  least  double  its 
present  dimensions — ^but  also  shows  that  glaciation  could  not  have 
acted  very  energetically  in  that  district,  since  in  that  event  it  would 
have  undoubtedly  removed  all  traces  of  them. 

A  similar  shore  and  cliff  may  be  seen  on  the  northern  margin  of 
Lough  Neagh,  just  under  Shane's  Castle,  Antrim  (PI.  XXII.  Fig.  2). 
But  the  clays  do  not  extend  so  far  north  as  this,  and  the  basalt  is  laid 
bare  on  the  shore,  presenting  rather  a  remcurkable  appearance  in  some 
places,  and  rounded  as  if  by  ice.  Another  old  cliff  occurs  along  the 
south  side  of  the  point  jutting  out  by  Langford  Lodge.  Both  of 
these  are,  however,  more  recent  than  the  drift. 

The  Lough  Neagh  Clays  had  hitherto  proved  barren  of  any  fauna. 
I  had  examined  carefully  every  excavation  that  had  been  made  in 
the  potter's  clay  on  the  south  side,  without  success;  nothing  but 
plants  being  obtainable.  The  Bev.  Dr.  O'Meara,  whose  valuable 
researches  on  Irish  DiatomacesB  are  so  well  known,  thought  it  likely 
that  these  clays  might  yield  Diatoms,  and  I  procured  some  specimens 
for  him  at  Professor  Hull's  request  These,  I  understand,  gave  no 
result ;  and  it  appeared  certain,  therefore,  that  no  fossils,  save  land- 
plants,  were  to  be 'expected  from  these  strata.  It  was,  then,  with 
much  satisfaction,  that  while  examining  the  section  detailed  above,  I 
came  on  a  bed  of  clay  full  of  shells. 

The  fossils  are  mostly  confined  to  a  band  about  a  foot  thick,  and 
are  very  abundant.  They  appear  all  to  belong  to  a  species  of  UntQ. 
Owing,  however,  to  their  extremely  delicate  structure,  emd  the  soft 
and  friable  nature  of  the  deposit  in  which  they  lie,  it  was  very 
difficult  to  obtain  good  specimens,  and  unfortunately  those  which  I 
brought  away  with  me  received  such  damage  during  their  transit 
that  it  was  almost  useless  to  attempt  to  determine  them.  Mr.  W. 
H.  Baily,  F.G.S.,  to  whom  I  submitted  them,  is  inclined  to  think 
that  they  may  possibly  belong  to  a  new  species.  They  are  not 
unlike  the  Unio  Solandri  (?)  of  the  Upper  Eocene  of  Hordwell  Cliff, 
Hampshire,  so  far  as  external  appearance  goes.  In  PI.  XXII.  Fig.  3 
there  is  a  representation  of  two  of  the  shells,  the  originals  are  greatly 
crushed  and  dilapidated.^    (a)  will  perhaps  serve  to  give  some  idea 

^  Having  been  favoured  by  Mr.  Hardman  with  an  opportunity  to  examine  the 
specimens  in  question,  we  have  been  led  to  the  opinion  that  the  lines  of  stria)  indicate 
rather  a  Mytilm  or  Jfoe/to^-like  shell,  than  a  Unio ;  but  the  shells  are  too  fragment- 
ary to  enable  one  to  speak  with  certainty  even  as  to  the  genus.— Edit.  Gbol.  Mao. 
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■B  to  tbe  general  character  of  them — in  this  one  the  greater  p^  of 
#he  sbell  is  preserved;  (6)  shows  only  a  cast — nearly  all  the  sbel! 

I  having  eliipped  away,     Tbe  drawing  ia  full  size. 

The  shells  are  extremely  thin  and  fragile,  bnt  the  etructiire  and 
narkiiige  are  perfectly  preserved  and  the  nacreous  lustre  is  still  qaite 
brilliant.  I  have  no  doubt  but  a  palteontologist  visiting  tbe  locality. 
and  having  leisure  to  make  a  careful  exainiaatiou,  would  find  many 
perfect  specimens  capable  of  determination,  and  probably  other 
species  as  well.  In  the  mean  time  it  is  right  to  place  the  matter  on 
record — seeing  that    this   place   is,  so  far  as  I  know  of,  the  only 

I  }ocality  in  the  British  Isles  yielding  lacustrine  fauna  of  Plioocuo  date. 


I  ~^  ■ 

II, — Ob  CB«T4i?i  Phk-Oarbojiifbeocb  and  Metamorphoset)  Trap- 
Dykes  AND  THE  AssooiATKDT  Rocks  of  Nohth  Mavo,  Ireland.' 
By  WiLWAM  A.  Tbaill,  51-A-I-.  F.E.G.S.I. ;  H.M.  Geol.  Sorv., 
Ireland. 

aIHE  author  first  described  the  locality  as  sitnafed  in  the  N.W.  of 
the  Co.  Mayo,  between  DowniHttrick  Head  and  Broad  Haven; 
.  and  referred  to  the  geological  map  of  Sir  Richard  Griffith.  The 
L^ysical  features  of  the  district  presented  precipitous  coast  sections, 
^•ttahiing  elevations  of  352  ft.  at  Keady  Point ;  640  ft.  at  Eenwee 
Geevmiin:  and  829  ft.  at  Denwee  Head,  and  wouliJ  compare  favour- 
ably for  grandeur  and  boldness  of  scenery  with  many  better  known 
localities.  The  geological  formations  composing  the  district  belong 
to  the  Carboniferous  and  Metamorphic  rocks.  The  older  or  Meta- 
morphic  rocks  lie  to  the  westward,  extending  from  Broad  Haven  to 
the  Glenglassera  river,  and  consist  of  flaggy  quartziles  and  micaceous 
Bchists,  with  partings  of  mica-schist ;  the  mica  is  often  largely  crystal- 
lized out  in  hexagonal  plates  in  nests  or  veins.  Foliation  is  seldom 
developed,  but  the  original  bedding  is  still  clearly  retained,  with  a 
primary  dip  E.N.E.  at  variable  angles.  Tliey  are  often  much  crumpled, 
contorted,  and  overlapped,  more  particularly  in  the  western  portions. 
Tlie  newer  or  Carboniferous  rocks  lie  to  the  eastward,  and  include 
tbe  Carboniferous  Limestones  to  the  S.E.  of  the  district,  and  the 
Lower  Carboniferous  Sandstones  and  Shales,  the  bottom  beds  of 
which  arc  brought  to  the  surface  near  the  Glenglassera  river.  These 
latter  comprise  white,  yellow,  and  red  sandstones,  with  partings  of 
rod  and  green  shales.     They  dip  E.N.E.  at  from  3°  to  8". 

They  rest  unconformably  on  the  Metamorphic  rocks.  At  Fohema- 
deevaun,  at  the  mouth  of  the  Glenglassera  river,  this  most  remarkable 
example  of  unoonformability  is  beet  seen  ;  it  occurs  at  one  side  of  a 
fault  along  which  the  sea  has  worn  a  narrow  but  deep  chasm ;  the 
flatter  Carboniferous  beds  dipping  at  5''  rest  on  the  more  highly 
inclined  Metamorphic  roeks  dipping  at  25°  to  30°. 

It  of  Science,  Section  C. 


Trap-Dykes  of  2Ia[io,  Ireland ,  5'">0 

The  lowest  or  basal  bed  of  the  Carboniferous  series  is  a  con- 
glomerate of  from  one  to  four  feet  in  thickness,  composed  chiefly 
of  fragmental  vein  quartz  and  pieces  of  the  Metamorphio  rocks  ;  it 
merges  imperceptibly  into  the  overlying  sandstone  beds,  and  there 
is  no  break  of  continuity.  In  the  geological  map  ref(^rred.  to,  there 
was  represented' a  band  of  Devonian  rocks  intermediate  between  the 
others,  which  he  (the  author)  in  all  due  deference  called  in  question, 
and  which  he  believed  did  not  exist,  the  thin  conglomerate  bed  un- 
doubtedly belonging  to  the  Carboniferous  series. 

The  intrusive  igneous  masses  which  so  abundantly  penetrated  the 
rocks  of  the  district,  as  Trap-dykes,  occur  in  both  the  Metamorphio 
and  Carboniferous  areas,  but  more  abundantly  within  the  former,  and 
belong  to  very  different  ages ;  the  one  set  being  Pre-Carboniferous, 
and  the  other  Post-Carboniferous,  and  possibly  of  Tertiary  (Miocene) 
age. 

Both  classes  of  dyke  may  be  considered  as  primarily  belonging  to 
the  basaltic  type,  but  the  one  seems  in  part  at  least  to  have  been 
considerably  altered  by  subsequent  metamorphio  actions.  Both  sets 
penetrate  the  older  or  Metamorphio  rocks,  but  only  the  second  set 
the  Carboniferous  beds. 

Though  in  many  respects  closely  resembling  each  other,  there  are 
certain  characteristic  distinctions  peculiar  to  each,  specially  the 
peculiar  weathering  of  the  older  dykes,  which  on  the  exposed  sur- 
&ce8  showed  a  qirstalline  white  mottling  of  the  weathered  felspar 
crystals  through  the  dark  green  base. 

The  junction  of  the  Carboniferous  with  the  Metamorphio  rocks 
being  mostly  obscured,  the  direct  evidence  of  the  older  dykes  ending 
off  at  that  junction  was  not  obtainable,  and  not  finding  any  in  situ  in 
the  Carboniferous  area  was  only  negative  evidence ;  but  after  long 
search,  undoubted  fragments  of  those  characteristic  older  dykes  were 
found  in  the  conglomerate  or  basal  bed  of  the  Carboniferous  rocks, 
thus  proving  unquestionably  the  Pre-Carboniferous  age  of  those  dykes. 

The  older  dykes  occur  mostly  in  large  sheets  from  10  to  160  feet 
in  thickness,  and  are  approximately  interbedded  among  the  Meta- 
morphio strata,  and  often  contorted  with  them,  though  often  them- 
selves the  cause  of  the  minor  crumplings;  occasionally  they  are 
folded  back  on  themselves,  fonping  large  S  curves. 

Instances  of  these  were  described  and  specimens  exhibited,  from 
Benmore,  and  from  Belderg  Harbour,  where  the  exposed  part  seems 
to  be  the  top  surface  of  the  sheet,  consisting  of  large  humps  and 
bosses  protruding  through  the  quartzites  and  schistose  beds.  *  In  this 
typical  example,  the  effects  of  the  metamorphio  action  at  different 
depths  was  well  shown,  the  central  part  being  a  hard,  heavy,  and 
splintery  dark  steel-blue,  micro-crystalline  basalt,  passing  into  a 
fibrous  homblendic  schistose  rock,  with  soft  green  chlorite  and  nests 
of  green  hexagonal  chloritic  mica,  and  towards  the  exterior  becoming 
very  schistose,  platy,  and  micaceous,  resembling  a  black  or  bronze 
mica-schist;  in  part  these  might  be  considered  as  Diabases.  The 
felspar  seems  to  be  plagioclastic  or  triclinic,  and  on  the  weathered 
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parts  bhons  as  cbaTBctorislic  w1iit6  ctyGtulIiiie  niottluigs  tfarcugli  tlie 
finely  cryatalline  greeniali  base. 

Adventitious  minerals  are  developed  in  this  and  other  eimi la r  dvkM, 
in  Hpsts  and"  aggregationa,  such  aa  mica,  clilorite,  epidote,  ^^^l^lel^ 
horulilonje,  quarla,  calcite,  and  viirietiea  of  felspar  and  iroD  pyrilM. 

At  Luglitniurragha  and  Gieuoalry  other  dyke§  wore  descriW, 
belonging  to  this  doss.  Among  tliese  tlie  hexagonal  and  Bplii-rnidal 
stnictun^s  are  never  developed,  and  they  are  scarcely  ever  fuand  to 
be  vesicular  or  aniygdaloidal. 

The  seoond  eeries  or  Post- Carboniferous  tiykos  are  probably  of 
Tertiary  age.  and  seldom  here  attain  a  thickneaa  of  over  25  feet,  and 
generally  run  in  straight  and  definite  directions  W.N.W.  and  E.S.E., 
Kpparently  filling  vertioni  cracks  or  fissures,  or  along  linee  of  faults. 
When  occurring  together,  they  always  cut  the  sheet-like  dykes  of  the 
older  series ;  they  are  basalts  with  local  variations,  and  arc  frequenUy 
bexagonal  or  spheroidal  in  structure,  often  amygdaloidal  and  decom- 
posing, thereby  leaving  the  original  fissures  o{)en  or  enlarged  into 
narrow  obosms  penetrating  the  cliffs.  One  of  these  separates  Ulan- 
master  from  the  mainland,  another  forms  a  chasm  between  vertical 
walls  mo  feet  deep,  and  in  part  scarcely  10  feet  wide,  and  separates 
fbnr  small  islands  from  their  respective  headlands,  the  view  looking 
down  this  cleft,  with  its  four  pairs  of  opposing  perpendicular  cliffs 
on  either  side  being  almost  unique. 

H. — Geolooists'  Association — iNArontiL  Address  dt  the  Prxsidest. 
Evolution  of  Plant  Life. 

ON  November  3rd,  Mr.  W.  Carruthers,  F.R.S.  (the  Keeper  of  the 
Botanical  Department  of  the  British  Museum),  gave  the  Pre- 
sidcnliftl  Address  to  the  GeologiBts'  Association,  in  the  Library  of 
University  College,  hia  subject  being  a  comparison  of  the  history 
of  plant  life  preserved  in  the  rocks  so  far  as  we  know  it,  and  iU 
relation  to  the  theory  of  evolution. 

The  origin  of  the  existbg  organic  forms  has  always  been  a 
question  of  interest  Until  a  comparatively  recent  period  little 
diversity  of  opinion  prevailed  in  regard  to  this  matter  amongst 
students  of  science  in  Europe.  The  position  stated  by  Moses  in  the 
opening  sentences  of  the  Old  Testament,  in  which  all  matter,  oi^;anio 
and  inorganic  alike,  is  traced  to  the  operation  of  an  external  and 
supernatural  Creator,  was  universally  adopted,  though  it  was  often 
misunderstood  and  misinterpreted  by  ita  expounders. 

In  the  beginning  of  this  century  Lamarck  proposed  his  Evolution 
theory,  according  to  which  all  organisms  are  derived  from  some  few 
simple  original  forms,  which  had  come  into  existence  by  spontaneous 
generation  out  of  inorganic  nature.  Althotigh  Lamarck's  theory 
found  a  few  supporters,  it  was  comparatively  neglected  by  men  of 
aoience  until  Darwin,  in  1859,  published  his  "Origin  of  Species  by 
Ueans  of  Natural  Selection,"  which,  at  least  in  this  country,  has 
mought  an  almost  complete  change  in  opinion  as  to  the  origin  of 
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our  present  life  forms.  His  theory  of  development  as  applied  to 
the  Vegetable  Kingdom  may  be  thus  briefly  stated : — ^The  oharacters 
of  plants  are  transmitted  to  their  descendants.  New  characters 
betides  those  inherited  may  arise  in  some  descendants  which  wero 
not  possessed  by  the  parent  When  these  new  characters  are  trans- 
mitted, and  are  permanent,  the  plants  possessing  them  become  a 
variety.  Some  plants  have  a  special  tendency  to  variation ;  others 
are  remarkably  constant  in  their  characters.  No  explanation  has 
been  given  of  the  reason  for  these  differences  in  the  nature  of  plants 
or  of  the  cause  of  the^  appearance  of  now  characters.  The  differ- 
enoes  are  at  first  small.  Their  continuance  depends  on  external 
causes.  In  course  of  time  new  characters  appear,  or  the  old  become 
intensified,  and  in  the  struggle  for  existence  the  varieties  only  which 
possess  the  characters  best  fitted  to  resist  the  prejudicial  influences 
tliat  surround  them  are  able  to  maintain  their  ground.  Tlie  less 
fortunate  varieties  perish,  and  in  this  way  the  connecting  links 
between  the  common  descendants  of  the  original  stock  are  destroyed. 
These  descendants  becoming  more  pronounced  in  their  characters 
are  recognized  as  species,  llie  only  difference  between  a  variety 
and  a  species  is  the  amount  of  divergence  and  the  constancy  of  the 
characters.  Further,  this  in  a  greater  degree  is  the  only  difference 
between  a  species  and  a  genus.  It  is  acconlingly  concluded  that  all 
the  forms  now  observed  in  the  vegetable  kingdom  are  due  to  the 
continual  accumulation  of  differences  in  the  genetic  evolution  of 
these  plants  from  the  one  or  the  few  simple  original  forms.  It 
is  held  that  the  natural  system  of  plants  is  the  external  expression 
of  this  phylogenesis,  or  genetic  relationship,  that  the  development 
of  a  plant  from  the  embryonal  cell  to  the  perfect  individual  is  a 
short  and  quick  repetition  of  the  genetic  development  of  the  tribe 
to  which  it  belongs,  and  that  the  rocks  of  the  earth  reveal,  so  far  as 
the  record  of  life  is  preserved,  the  various  steps  by  which  the 
pKylogenesis  actually  was  accomplished. 

Mr.  Carruthers  proceeded  to  draw  attention  to  this  last  aspect  of 
the  subject,  as  that  which  specially  affects  geologists.  It  deserves 
careful  investigation,  for  if  the  theory  of  evolution  be  true,  then 
the  fossils  which  have  come  to  our  knowledge  represent  as  far  as 
they  go  the  extinct  progenitors  of  existing  plants,  and  on  this 
account  possess  a  higher  interest  to  us  than  their  comparative 
anatomy  or  systematic  jwsition  can  give  to  them.  Reference  was 
made  to  the  imperfection  of  the  geological  record,  but  it  was 
niged  that  it  was  right  to  compare  our  knowledge  of  it  as  far  as 
it  goes  with  the  theory.  What,  then,  is  the  phylogeny  of  the 
Vegetable  Kingdom  ?  The  most  rudimentary  plants  are  either  Fungi 
or  Algse.  The  elementary  fungal  forms  are  believed  by  some  to 
be  the  original  stock  of  the  vegetable  kingdom,  while  others  hold 
the  primitive  forms  were  Algnj.  ^Ir.  Carruthers  argues  against 
Fungi  being  the  earliest,  on  the  ground  chiefly  that  they  fed  on 
organized  substances,  and  statetl  that  evolutionists  must  look  for  the 
earliest  plants  among  the  Alga?.  What  is  the  testimony  of  the  rocks 
as  to  the  plants  existing  during  the  long  early  periods  of  the  earth's 
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a  tba  cBriieat  mekM  arv,  tlio«^  indwthior,  nfmrted  to  sinwn 
■peciaa  of  AlgB.  Bat  the  nature  of  the  plants  which  oould  fluaritb 
»  Um  eanditirHia  nmiec  which  these  <l««p-a««  d«pumts  wen  found, 
aad  tha  dmgaa  tlint  haTe  takeu  plitcr:  in  tbe  primal  atiata  airtc* 
tbm  dopoaitian,  prnvvat  ua  eip«ctinr  an;  esl«itaire  reptaaeDtalioa 
of  tbeas  airij'  ttotaa.  80  br  as  (be  plant  remains  gi>.  the;  meet  Uw 
reqidnosMiU  of  the  ovolntiaaiat  who  looks  upon  the  Algaa  as  tlia 
priiMv«l  planta. 

In  tho  phyiogBBorii  of  the  Vegetable  Kingdom  we  nest  omt 
I  to  1^  ewDiWiiMi  of  FvHgi.  lichens,  Uoaaee,  and  H^xticn,  all  of 
wfakh  are  aellabr  plants.  Tbej  aune  into  existenoe.  it  is  siip|w«d, 
^  Tilfa  the  DeroWMi  period — the  beginning  of  tie  newer  Palxfooic 
vries.  Ai.  bowewt,  no  traoe  of  anr  of  tbeee  groups,  except  tbe 
wraliBca  of  one  or  two  apociea  of  fungi,  has  been  detecl«d  in  an; 
of  the  t^thBOBoie  noka,  they  supply  no  evidence  for  or  against  tw 
hnotfaetioal  acooDnt  of  their  evolniion. 

1^  later  Paleosno  rocks  abunnd  in  plant  Teman)&  Tbe  flnt 
eviilrace  of  land  plants  cm  the  globe  is  met  with,  as  far  U  OW 
knowledge  at  ptvseni  pxt,  in  the  DeroDian  rocks.  Here  the  lluw 
principal  groups  of  vaacular  crrplogainB  ap[)eAr  together  in  highly 
differentiated  forma.  All  of  them — Fems,  Ei^mtetaee^  and  Lseo- 
podiaeea — posaess  the  same  euentiol  struoture  as  tlidr  living 
representstiveii.  and  in  all  tbe  suboniiimle  points  in  which  Ibej 
diffiT  tliev  i"->sB?.-s.-  cii,ir;iclers  iinlit-rttive  of  higliL-r  nri,-:iniy,Atiori. 
whether  in  the  vegetative  or  reproductive  organs,  than  are  foand 
in  existing  forms.  The  three  orders  appear  togetber  in  tbesa 
later  Palaxjzoic  rocks,  and  t)iat  not  in  simpler  or  more  generalised 
^pee,  but  with  more  varied  and  more  complex  stmctures  than 
are  found  in  their  living  representatives.  Thus,  among  Fenu 
there  is  lost  a  remarkable  group  with  a  fundamentally  diffeieDt 
stem  structure,  which  was  contemporaneous  in  the  Palseosoic  sgei 
with  the  type  of  Ferns  that  have  been  re[>reBented  all  through  tlw 
epochs,  and  are  now  abundant  on  tbe  globe.  Tbe  Bquitetaeea  were 
represented  by  a  larger  number  of  generiu  groups  than  are  found  in 
our  present  Flora.  I'heir  stems  were  arborescent,  the  leaves  large, 
and  their  fruit  cones  protected  by  special  scales,  but  the  spores  weie 
similar  in  size  and  form  to  those  in  the  humbler  living  species,  snd 
were  even  furnished  with  hygrometrio  elaters.  The  Lycopodiarem 
were  also  huge  trees,  and  represented  by  several  generic  groups. 
The  stem  structure,  while  fundamentally  agreeing,  like  those  of  the 
arborescent  Equitelaeeie,  with  tbe  structure  of  the  stems  of  their 
living  representatives,  was  more  complex,  being  suited  to  their 
arborescent  hi  bits. 

But  the  Floni  of  these  later  Falieozoio  rocks  include  higher  elements 
even  than  vascular  crypt^^ms,  for  in  tbe  Devonian  series  we  have 
ooniferoUB  plants,  increasing  greatly  in  number  and  variety  in  the 
Carboniferous  period  ;  and  in  the  Calciferous  Sandstones  at  tbe  veij 
base  of  the  Carboniferous  measures,  there  has  been  found  an  on- 
doubled  angiospenuovka  pVsait.  IVv  thes^  {vom.  the  spore-producing 
ot;^ptogam  to  the  Beed-\»anaii  ■'^asiBxtinpffB.'i*  •.-wk^  ^sA  ismi.   No 
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doubt  there  is  a  general  external  resemblance  between  a  lycopod 
and  a  conifer,  and  many  points  of  analogy  between  the  development 
of  the  seed  and  the  various  stages  through  which  a  lycopod  passes 
from  the  germination  of  the  spore  to  the  growth  of  the  fertilized 
archegoninm.  But  like  is  here,  as  it  is  often  elsewhere,  an  ill  mark, 
for  the  resemblance  is  purely  superficial.  The  minute  tissues  of  the 
conifer,  as  well  as  the  method  in  which  they  are  arranged,  diifer 
entirely  from  anything  either  in  the  existing  or  extinct  lycopods, 
while  the  production  of  a  seed,  even  though  it  be  without  a  protect- 
ing ovary  or  fruit,  at  once  dbtitiguishes  the  gymnosperm  from  the 
spore-bearing  cryptogam.  According  to  Haeckel,  the  gymnosperm 
sprang  out  of  the  Lycopodiacea  during  the  Carboniferous,  or  possibly 
in  the  Devonian  period.  But  undoubted  coniferous  wood  was  dis- 
covered by  Hugh  Miller  in  the  Lower  Devonian  rocks  of  Cromarty, 
and  several  anomalous  woods  have  been  described  by  TJngor  from 
the  Thuringian  rocks  of  the  Devonian  age  which  are  referred  by 
him  to  Conifera  without  any  positive  evidence  except  the  absepce 
from  them  of  ductiferous  tissue.  Had  these  woods  been  of  earlier 
age  than  Miller's  Cromarty  wood,  they  might  have  been  looked  upon 
as  one  of  the  steps  leading  up  to  the  true  coniferous  structure,  but 
they  occur  in  beds  of  Upper  Devonian  age.  The  Calciferous  Sand- 
stones at  ihe  base  of  the  Carboniferous  period  contain  numerous  and 
fine  specimens  of  coniferous  wood.  Some  trees  at  this  time  had 
attained  to  an  immense  size.  The  first  appearance  of  the  gynino- 
sperms  is  not  in  the  form  of  a  generalized  type,  but  both  the  woo<l 
and  the  fruits  present  a  remarkable  variety  of  genera  and  species  as 
highly  di£ferentiated  as  the  existing  forms.  In  connexion  with  this 
remarkable  development  of  Taxinea  in  the  Palseozoio  rocks,  it  de- 
serves to  be  noticed  that  this  section  of  the  Cani/era  are  all  dioecious, 
while  in  the  other  groups  the  flowers  are  genenUly  monoecious. 

The  history  of  monocotyledonous  plants,  as  far  as  it  is  preserved 
in  the  rocks  of  the  earth,  is  very  curious.  We  have  to  take  it  up 
here,  for  the  first  true  monocotyledon  is  the  stem  and  spike  of  an 
aroideouB  plant,  of  whicli  one  well-preserved  specimen  was  dis- 
covered nearly  forty  years  ago  by  Dr.  Paterson  in  the  Calciferous 
Sandstones  near  Edinburgh.  Additional  specimens  of  this  or  an 
allied  species  have  been  recently  described  by  Mr.  Etheridge,  jun., 
from  the  same  beds.  Four  species  of  nionocotyledous  have  been 
found  in  the  Trias,  seven  in  the  Lias,  the  same  number  in  the  Oolite, 
15  in  the  Chalk,  97  in  the  Eocene.  185  in  the  Miocene,  and  two  in 
the  Pliocene.  We  find,  then,  that  the  three  groups  of  vascular  cryp- 
togams, and  the  seed-bearing  g}'mnoRperms,  appear  together  in  the 
Devonian  rocks,  and  that  monocotyledons  appear  in  the  lowest  beds 
of  the  immediately  succeeding  Carboniferous  system.  Further,  that 
these  earliest  plants  are  not  generalized  forms  of  the  various  tribes 
to  which  they  belong,  but  that  they  are  as  highly  specialized  as  any 
subsequent  representatives  of  the  particular  tribe,  and  that  wherever 
they  differ  from  later  plants,  it  is  in  the  possession  of  a  more  perfect 
organization.  It  would  be  contrary  to  the  theory  of  evolution  to 
suppose  tliat  the  highly-organized  cryptogams,  the  ^mnQs^eTm&^ 
and  the  moDoootyledona,  were  each  develo^^  ^  oxi<^  %V^^  \vsc&.  *^^ 


5«t  Saaen  ^Mtmmn     G*9logUt»'  Aaoriati 


tiHAf  filwli  ■hiih  linMiiil  Ihi  iiiilj  111,1  mini  of  the  pn-Davooin 
'  'l    K«  Jtitt  tktre  b  i*  ^  di^  PalKomiB  ledta  ft  gmt 
•  of  any  ntntdxif  ImdGIa.    Bat  tlw  erolntion  of  the  vmcu- 
jfle^mm  mA  (he  yhMwrngimii  firm  the  green  aeaweait, 
'    '     ~  *  I,  if  it  took  ptaoe^  tnoBt  h»re  bcM 

n  of  ^<w  and  hy  an  innntnenMi< 
_n ;  and  yet  ve  find  not  a  aingk 
r  fwM  or  latv  md  neeessuily  atill  more 
'mA  ihoald  i^irewnt  ibeae  int«ffm«diaw 
t  be  <hK  ta  tfK  pbjMcal  conditions  oounoct^ 
"    i.  for  tlie  cooditiODS  thsi 
»  ptLMnrtiau  of  tfae  Taootd  in  ibe  Llnndoreiy  rodks  *l 
'    ~   '    **  r  odlakr  «nnnknu  el«ewbere,  were  at  le«t 


■  [aiiiiitiiMi  af  aacb  plaals  a*  Ibeae  mnst  have 
ii  tf  (he;  rav  «nilad. 

i;  Ourulhcr*  tlwn  entered  oa  the  comidention  of  the  bigbn  Ot 
'  ladooooa  fnaoci  of  flo-trrmi^  planu.  Their  testiinonj  forot 
t  the  theory  of  eToIatiuQ  ii  the  mtire  importnnt.  becxoee^ 
ti  of  their  higher  uigauieatioo.  hy  vrhiob,  as  regards  tbur  regeOi- 
titc  ■tr;gana,  they  arc  Aarplj  aeijanted  trcnn  ti>o  monoootyledon^, 
and  as  i^arda  both  ve^ge^Sive  and  reprodactire  oi^ns  from  the 
gyvDoafMnna:  aeoandlj.  tnm  the  exiftciicc  of  numerooa  differencM 
vhicb  aififly  geuaaOf  otmova  and  mil-defined  cbaracteta  tot  thtn 
arsteaatic  claaafi^itioa.  and  irhtch  wcnM  comeqapntlir  ormtt  in 
foil  >n-ing  the  slef*  of  lh*ir  evoialii-.n :  ami  thinily,  fi-nm  their  appear- 
aiK"-^  in  srrsla  of  o.i!np.iratiT..i|v  tw^iit  ^•^.  ftiiii  wliich  arc  coust'jueiillT 
■uocli  better  knowo  tbnn  the  Palfeozoic  deposits.  Dicotyledooa  are 
u^unllv  divided  into  three  groups — Apelala,  Jtomopetalte,  and  J\>lj' 

After  a  ri^vrae  of  Haeckel's  scheme  of  the  phylc^ny  of  these 
groups,  Mr.  Carmthers  proceeded  :  Now  let  ns  see  what  is  the  record 
preserver!  to  hb  in  the  rocks.  IKcotjIedonoas  plants  tnake  their  ap- 
penraiice  in  strata  which  are  referred  to  the  Upper  CretaceooB  series. 
No  trace  of  these  plants  haii  yet  been  detected  in  any  earlier  stratam. 
There  is  no  palffiontological  foundation  for  the  suggestion  that  the 
jipetafee  existed  in  the  Trias  and  Jura  periods.  It  ia  difficnlt  to 
realize  that  the  absence  of  dicotyledons  can  be  due  to  any  cause 
but  their  absence  from  the  then  existing  vegetation.  The  conditions 
favourable  to  the  preeervation  of  Ferns,  gymnospeims  and  monocoty- 
ledons, in  the  Secondary  rocks,  mnst  have  beenfavoitrablealsO  tolbe 
prei<ervation  of  dicotyledonous  plants.  Not  only  are  dicotyledons 
entirely  absent,  but  there  has  not  been  discovered  a  single  speciineii 
of  a  gymnosperra  or  monocotyledon  which  exhibits  in  any  point  of 
its  structure  a  modification  towards  t}ie  more  highly-organized  dico- 
tyleiliin.  Further,  when  the  dicotyledons  appear  in  the  Upper  Creta- 
ceous beds,  repreaentatiTes  of  the  three  great  divisions  are  found 
together  in  the  same  deposit  Moreover,  tbese  divisions  are  not 
repi'esenteil  by  generalized  types,  but  by  differentiated  forms  which, 
dui'trrg  the  intervening  epochs,  have  not  developed  even  into  highs' 
^nrric  groups.  TVtu&,  uooti^V.  *ia«  Afttolv  the  Jfyrifott*  an 
i^presented  in  the  CtcUKieovift  iwstea  \ii  v«(»  wsa^gsDBi*  A  .ks  Vw^ 
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myrtle ;  the  Cupvdiferm  by  six  species  of  oak  and  one  of  beech  ;  the 
Snlicaeecs  by  six  species  of  willow  and  nine  of  poplar ;  the  MorecB 
by  six  species  of  fig ;  and  the  Laurinecs  by  a  laurel  and  six  species 
of  sassiJras.  Then  following  Haeckel's  order  of  evolution,  among 
the  PolypetalcB  the  AraliacetB  are  represented  by  a  species  of  Aralia ; 
the  AnaeardiacecB  by  a  species  of  Ithus ;  the  SapindacecB  by  a  maple, 
and  the  MdgnoliacecR  by  five  species  of  Magnolia  and  two  of  the 
tulip-tree.  And  among  the  Monopetala  the  AscleptadaceoB  are  repre- 
seotod  by  a  species  of  Neritim,  the  Ebenacea  by  a  DiospyroSf  and  the 
Erieacea  by  an  Andromeda, 

While  the  rocks  give  no  evidence  of  any  plant  leading  up  to  these 
various  orders  of  dicotyledons,  it  is,  as  it  appears  to  me,  equally  im- 
portant to  notice,  in  its  bearing  on  the  theory  of  mechanical  evolution, 
that  the  generic  groups  I  have  just  named  have  persisted  from  the 
first  appearance  of  dicotyledons  throughout  the  whole  of  the  inter- 
vening ages,  and  still  hold  their  places  among  the  existing  forms  of 
vegetation.  The  persistence  of  generic  and  specific  types  is  very 
significant  in  its  bearing  on  this  theory,  and  our  certain  knowledge 
of  the  life  of  many  existing  species  of  phanerog^una  and  cryptogams 
which  have  come  down  from  the  glacial  beds  has  not  been  suffi- 
ciently considered.  Let  us  take  a  case :  None  can  be  better  suited 
for  the  purpose  than  the  small  willow,  Salix  polaria,  detected  in  the 
lowest  pre-glaoial  beds  at  Cromer  and  in  deposits  of  the  same  age  at 
Bovey  Tracey.  This  plant  still  lives  in  the  Arctic  regions  of  both 
the  Old  World  and  the  New.  The  genus  Saltx  is  a  singularly  vari- 
able one,  and  should  supply  satisfactory  data  for  an  evolutionist  who 
is  working'  out  his  theory.  Mr.  Carruthers  proceeded  to  speak  of 
the  160  species,  222  varieties,  and  70  hybrids  known  of  the  genus 
Salix.  It  is  easy  to  construct  a  phylogienetic  tree  of  the  genus.  The 
small  branch  which  represents  the  species  8.  polaris  represents  in 
time  the  period  between  the  pre-glacial  beds  and  our  own.  The  six 
allied  species  lead  up  to  the  group  branch,  the  four  groups  to  the 
sub-genus,  and  the  seventeen  sub-genera  to  the  genus.  But  having 
reached  the  branch  representing  the  generic  form,  we  have  made  but 
litde  progress  in  the  phylogenesis  of  Salix.  We  have  to  lead  up  the 
allied  genera  to  the  generalized  ordinal  form,  and  these  ordinal  forms 
to  a  generalized  and  simple  pcurent  apetalous  plant  Still  further 
we  must  go  by  some  utterly  unknown  and  to  me  inconceivable 
series  of  types  backwards  to  the  monocotyledon  and  gymnosperm, 
and  firom  them  back  to  the  primal  and  spontaneously  developed 
Manera.  The  time  required  for  such  evolution  is^  Mr.  Carruthers 
says,  beyond  conception,  and  vastly  greater  than  even  the  largest 
estimate  of  geologic  time  that  has  ever  been  made.  That  the  rocks 
testify  to  a  development  of  some  kind  is  beyond  doubt,  but  develop- 
ment is  not  necessarily  the  sole  property  of  the  mechanical  evolu- 
tionist At  present  we  have  no  data  to  guide  to  a  solution  of  the 
?ue6tio]>  as  to  the  mode  by  which  the  development  was  accomplished. 
^ne  thing  is  certain,  that  the  whole  testimony  of  the  Vegetable 
Kingdom,  as  it  is  known  to  us  from  the  remains  preserved  in  the 
stratified  rocks,  is  opposed  to  the  doctrine  that  the  development  is 
due  toevolation  by  descent 
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while  we  eIiouM  strongly  recommend  tlie  work  of  Mr.  Wooiiwui. 
If  it  wore  only  for  its  cleiir  arrangement  and  lucid  style,  wo  or* 
eepE^rially  glad  to  welcome  it  as  conbiiuing  an  amended  (uaMilicatian 
of  tbe  sedimentary  rocks. 

The  plan  followed  by  the  author  approaches  that  adopted  by 
Phillips,  or  rather  Cooybeare  aad  Phillipa,  who  gave  great  prn- 
minenco  to  the  geographical  side  of  the  question,  and  wrote  in 
account  of  the  British  Isles  under  their  geological  diTisiuDB,  ralluT 
than  n  description  of  the  different  formationa,  leaving  you  to  find 
by  reference  to  maps  and  other  souroes  where  the  beat  examples  of 
the  rocks  might  be  seen. 

The  first  important  change  introduced  by  Mr.  Woodward  is  the 
acknowledgment  of  the  correctness  of  the  classification  of  Profeeeiir 
Sedgwick  in  the  Cambrian  and  Silurian  rocks. 

The  principles  of  classification  which  Mr.  Woodward  has  statai 
so  clearly  in  his  intnxluolion  would  not  allow  him  to  do  otherwiie 
than  adopt  tbe  natural  grouping  first  so  clearly  made  out  b; 
Sedgwick,  and  followed  by  Sterry  Hunt  in  America,  Gaudry  in 
France,  Dowatque  iu  Belgium,  and  an  ever-iDcreasing  number 
elsewhere. 

As  we  turn  over  the  pages  we  find  under  each  principal  group 
a  short  description  of  the  more  important  snh-divisioda.  But  some- 
times, as  e.g.  under  Inferior  Oolite,  a  fuller  and  toore  freqneut 
repetition  of  tables  is  wanted,  to  enable  tbe  student  to  see  whelhei 
under  the  various  headings  are  described  strata  synebroDous  anil 
homolaxial,  or  only  small  local  aud  subonlionto  beds. 


Cutting  near  Uphill  (Bristol  and  £iBt«r  Roilway^.    (p.  423.)" 


ET  Uu,  faulted  agiiiut  b.  Cirbonife 


In  some  oases,  as  evjdenoe  onmes  in,  we  shall  expect  ii  later 

editions  clearer  definitions  of  boundary,  as  e.g.  between  the  Sorisn 

and  the  variable  depoHits  which   mark  the  next  great  oonnooiii 

submergence  of  which  we  have  clear  traces  in  the  British  Jit- 

A  similar  dif&colty  m«Qta  ua  ii^  defining  the  earliest  aooamktioiu 
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tf  the  period  of  sabmergence,  during  a  later  part  of  which  the 
r.iinisBic  strata  were  deposited. 

Mr.  Woodward,  unwisely,  we  think,  adopting  the  Greek  name 
Poikilitio  for  the  older  English  New-Ked,  has,  however,  done  what 
is  most  important,  and  taken  the  Permian  (or  what  remains  of  it 
when  the  stained  Carboniferous  has  been  left  out)  into  the  Mesozoic 
Grronp.  It  would  have  been  well  had  be  given  a  section  of  the 
lo-called  Permian,  resting  as  it  does  in  many  places  in  the  North- 
West  of  England  unconformably  on  the  denuded  edges  of  the  lowest 
Carboniferous  rocks. 

The  judicious  remarks  at  the  commencement  of  the  chapter  on 
the  Cretaceous  strata  show  that  he  has  clearly  appreciated  the 
difference  between  a  gi-eat  break,  representing  a  long  interval  of 
time,  and  a  series  of  small  interruptions  in  the  local  continuity 
of  conditions  which  do  not  give  such  obvious  and  well-marked 
boundary-lines,  and  wheiB  we  may  wait  for  more  detailed  and 
extended  work. 

In  the  Tertiary  rocks  Mr.  Woodward  accepts  the  strong  strati- 
graphical  evidence  that  the  Hempstead  beds  are  more  closely  con- 
nected with  the  Eocene  than  with  the  Miocene. 

In  the  concluding  chapters  he  has  described  other  geological 
phenomena  depending  upon  denudation,  metamorphism,  etc.,  and 
has  added  much  useful  information  in  an  appendix. 

The  small  errors  which  have  crept  in,  chiefly  in  the  latter  part  of 
the  work,  will  probably  be  pointed  out  by  friends,  and  corrected  in 
subsequent  editions,  which  we  anticipate  will  surely  be  called  for,  as 
the  work  supplies  a  want  felt  both  by  teachers  and  students. 

It  forms  a  useful  handbook  for  those  who  are  working  at  special 
points,  and  they  can  increase  its  value  by  putting  in  for  themselves 
exact  references  to  the  many  authors  quoted  throughout  To  the 
student  we  can  confidently  recommend  the  book  for  its  clearness 
and  accuracy.  T.  M'K.  Hughes. 

Tkhtitt  Collbob,  Cambbidoe. 

♦»•  The  illustratioiiff,  drawn  by  Mr.  Edward  Fieltog  for  this  work,  are  extremely 
f^ood.  We  give  three,  taken  at  random,  which,  as  specimens  of  wood  engraving, 
deserre  high  commendation;  others  in  the  book  are  even  superior  in  geological  effect. 


Gkolooioal  Society  op  London. — November  8, 1876. — Prof.  P. 
Martin  Duncan,  M.B.,  F.K.S.,  President,  in  the  Chair. 

A  Portrait  of  the  late  G.  Poulett  Scrope,  Esq.,  r.R.S.,  F.G.S.,  was 
presented  by  Prof.  J.  W.  Judd,  F.G.S. 

The  following  communications  were  read : — 

1.  '*  A  short  notice  of  a  new  exposure  of  Ehietics  near  Notting- 
ham, in  a  letter  from  E.  Wilson,  Esq.,  F.G.S.,  dated  November  drd, 
1876,"  in  which  he  said  :— 

Since  March,  1875,  when  I  drew  public  attention  to  the  occurrence 
of  Bhaatics  near  Stanton,  on  the  new  Midland  line  iJx)m  Nottingham 
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tA  Mftlton  (notice  wber^iif  lias  been  already  communicatad  to  tb« 
Oeological  Society),  that  section  has  not  been  any  further  ezpcweil. 
JM^anwbile  the  London  nnd  North-WeBtem  Railway  Conijniny  arp 
rendering  geological  ecienee  a  serrice  by  Bhowing  a  similar  but  mors 
oomplete  euccession  nf  Rhtetit's  in  a  cattiug  close  to  Barualon.  no 
,iheir  new  Bingham  branch.  Here  the  uppermost  Kenper  marlK, 
with  their  gypsum  bands,  are  snocceded  as  usual  by  the  hard  liglit 
lilue  marls  (?  lower  Khtetio),  12  feet  exposed.  Above  these  ctiiiie 
the  ' Atieula-eotdarla'  chales,  consisting  below  of  Rbout  13  fe«t 
of  '  paper  ehnlea,'  with  their  variable  yellow  eandstoues  in  thw 
upper  portion,  and  a  2-ineh  bone-bed  replete  with  the  nsiifll  fish 
iTeniniDs,  etc.,  1  ft.  6  in.  from  Iheir  base,  and  graduating  up  into  a 
Mtiee  of  more  earthy  and  thickly  laminated  dark  blue  shalee,  eeti- 
'plated  thickness  18  to  19  feet.  Odd  limestone  nodulee  occur  about 
the  middle  of  their  last  series,  and  at  from  2  to  3  feet  fntni  tlie  top 
■iniilar  nodules  set  in,  becoming  rather  more  plentiful  upwards,  anil 
in  the  highest  G  inches,  forming  an  inconiplel*  layer.  These  Rhietics 
Kre  capped  by  alternating  thin-bedded  blue  limestones  and  browD 
clays  (Lower  Lias),  10  feet  exposed  ;  the  lowest  limestone  of  wliich. 
at  the  base  n  thin-bedded,  compaot,  or  oonureliouary  bed  from  3  to 
T  inches  thick,  contains  Modiola.  mimma  and  Myarilea  uni'onulrt. 
These  bedd  appear  to  be  the  eqnivnlonts  of  the  '  Firestones '  anil 
'Guineas '  of  Warwiokshire,  and  of  similar  beda  lately  noticed  by 
|)fr.  Harrison  near  Leicester,  and  to  indicate  th«  Abaenoe  of  ths 
'  ^VTiite  Lias '  at  this  point.  The  dip  of  all  the  abOTe  I>eds  is  the 
Bitrae,  viz.  ff' to  S^alittlenortliof  S.E.  (thedii-ectiou  of  thelitie),anJ 
there  is  no  evidence  of  unconformity.  The  succession  is  aijparenllj 
the  same  at  Bnrnston  as  on  the  Nottingham  and  Gtrantbam  line  st 
£lton,  3^  miles  north-east,  between  which  places  and  beyond  to 
Orston  the  Acicula-conlorta  shales  form  a  low  but  very  clearly 
defined  escflrpmeiit  along  their  outcrop. 

2.  -Note  on  the  Red  Crag."  By  W.  Whitaker,  Esq.,  B.A., 
RG.S. 

The  object  of  this  paper  is  to  show  that  what  had  been  taken  to 
be  an  irregular  line  of  erosion  between  a  certain  unfossiliferous  snail 
and  the  shelly  Bed  Crag  (in  Suffolk)  was  really  a  line  of  dissolution 
of  shells,  the  sand  being  simply  Red  Crag  deprived  of  iu  fossils 
through  percolation  of  water.  This  is  shown  to  be  the  case  from 
the  facts  that  in  some  places  lines  of  bedding  and  false-bedding  ex- 
tend from  the  Crag  into  the  sand,  and  that  impressions  of  Crag-shells 
are  found  in  ironstone  in  the  sand. 

3.  "  On  the  Kessingland  Cliff  section,  and  the  relation  of  the 
Forest-bed  to  the  Chillesford  Clay,  with  aome  remarks  on  the  so- 
called  terrpstrial  surface  at  the  base  of  the  Norwich  Crag."  By  F. 
"W.  Harmer,  Esq.,  F.G.S. 

This  paper  was  a  reply  to  one  read  before  the  Society  during  last 
session  by  Mr.  J.  Gonn,  F.G.S.,  who  affirmed  that  the  Forest-heds 
in  the  section  were  overlain  by  the  Norwich  Crag  and  Chillesford 
Clay.  The  author,  on  the  eontrory.  gave,  in  the  first  part  of  the 
paper,  detailed  drawings  of  ih«  cliff,  in  which  he  represented  the 
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foBsiliferous  deposits  known  as  the  Eessingland  Beds  as  resting  in  a 
gorge  cat  out  of,  and  consequently  newer  than,  the  Chillesford  Clay. 
The  beds  present  in  the  section,  according  to  his  view,  are,  in 
ascending  order : — 

1.  The  Chillesford  Clay. 
Uj^  f  2.  An  unstratified  blue  clay,  penetrated  by  rootlets,  shown  occasionally  to  be 
^  '      nnderlain  by  sand  and  graTol,  which,  with  the  clay,  contains  mammalian 
remains  and  freshwater  shells. 

3.  A  lenticnlarly-shaped  bed  of  laminated  clay  and  sand,  with  wood  debris  at 
its  base. 

4.  The  Middle  Glacial  sand  and  nayel. 

5.  The  Upper  Glacial  or  chalky  Boulder-clay. 

In  the  2nd  part  of  the  paper  the  author  urged  that  the  stone  bed 
at  the  base  of  the  Norwich  Crag,  which  contains  marine  shells  and 
mammalian  remains,  was  not  an  old  land  surface,  as  asserted  by 
Mr.  Gunn  and  others,  but  merely  the  basement-bed  of  the  deposit 
which  overlies  it,  the  mammalian  fossils  it  contains,  which  are  prin- 
cipally worn  and  fragmentary  portions  of  teeth,  being  derivative 
from  some  older  Tertiary  deposit,  just  as  are  the  flints  with  which 
they  are  associated  from  the  Chalk. 

i.  "  Observations  on  the  (5eology  of  East  Anglia,  etc"  By  S.  V. 
Woo<l,  jun.,  Esq.,  F.G.S.,  and  F.  W.  Harmer,  Esq.,  F.G.S.,  etc. 

The  subjects  discussed  in  this  paper  were  threefold,  viz. : — 

1.  The  unfossiliferous  sands  of  the  Red  Crag. 

2.  The  unconformity  between  the  Lower  and  Middle  Glacial 
deposits. 

3.  The  mode  in  which  the  Upper  and  Middle  Glacial  were 
accumulated. 

The  views  of  the  authors  under  the  first  head  were  similar  to  and 
confirmatory  of  those  advanced  in  the  previous  paper  by  Mr.  Whit- 
aker;  but  they  pointed  out  that  the  Red  Crag,  which  these  sands, 
in  an  altered  form,  represent,  could  not  belong  to  the  Chillesford 
division  of  that  formation,  by  reason  of  the  casts  of  shells  which 
had  been  preserved  not  comprising  any  of  the  more  characteristic 
(yhillesford  species,  and  of  their  including  among  them  forms  con- 
fined to  the  older  portions  of  the  Red  Crag.  They  also  pointed  out 
that  the  Chillesford  Clay  had  been  removed  over  all  the  area  occupied 
by  these  sands  by  denudation  prior  to  the  deposition  of  the  Middle 
Glacial,  which  rests  upon  these  sands  wherever  they  occur.  The 
removal  of  the  Chillesford  Clay,  the  authors  consider,  was  due  in 
part,  if  not  in  all,  to  the  great  denudation  between  the  Lower  and 
Middle  Glacial,  which  gave  rise  to  the  unconformity  discussed  under 
the  second  head. 

This  unconformity  they  illustrate  by  lines  of  section  traversing 
most  of  the  river  valleys  of  Central  and  East  Norfolk  and  Suffolk. 
These  show  that  such  valleys  were  excavated  after  the  deposit  of 
the  Contorted  Drift,  and  out  of  that  formation  and  the  beds  under- 
lying it.  They  also  show  that  the  Middle  and  Upper  Glacial  have 
been  bedded  into  these  valleys,  as  well  as  spread  (the  middle  only 
partially,  but  the  upper  more  uniformly)  over  the  high  grounds 
formed  of  Contorted  Drift  out  of  which  they  were  excavated,  and 
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tbuB  generally  concealing  that  ilepoelt,  whioli  manifests  itselfonly  ia 
the  foiTii  of  occasional  protnisiona  through  these  later  formrtioiiB, 
but  which  they  vonsider  cunetitutes,  though  thus  concealed,  thu  main 
mass  of  Iho  two  counties. 

Tbo  authors  also  describe  a  glacial  bed  aa  occorring  at  varioui 
locnlitiGs  in  the  bottom  of  some  of  these  Tullcys,  and  which  in  one 
cftEo  they  have  traced  under  the  Middle  Glacial.  This  they  regard 
BB  having  been  formed  in  the  interval  between  the  denudation  of  the 
valleys  and  their  subsequent  submergence  beneath  the  Middle  Glacial 
sea ;  and  inasmuch  as  such  valley-bed  invariably  rests  on  the  Chalk 
in  a  highly  glaciated  condition,  they  attribute  its  formation  mote 
probably  tlion  otherwise  to  tlie  action  of  glnoiers  occupying  the 
valleys  during  an  interglacial  interval  of  dry  land.  'Jliey  also 
surest  that  if  this  was  eo,  it  is  probable  that  the  forest  and  mam- 
maliferous  bed  of  Kessingland,  instead  of  being  coctjU  with  the  pre- 
glacial  one  of  the  Cromer  coast  may  belong  to  this  interglacial 
interval — that  ia  to  any,  to  the  earliest  part  of  it,  before  the  glaciers 
accumulated  in  the  valleys,  and  when  the  climate  was  utore  tem- 
perate, any  siniilar  dt^posits  ui  these  interglacial  valleys  having 
been  for  the  most  part  subsequently  ploughed  ont  by  the  action  of 
the  glaciers. 

In  discussing  the  Puhject  under  the  third  head  the  authors  point 
out  the  many  perplexing  features  which  are  connected  with  the 
posiljon  and  distribution  of  the  Middle  Glacial  formation ;  and 
wliilu  they  admit  that  as  to  one  or  two  of  these  the  theorj'  A»hich  they 
oiler  nffords  no  explaniiliim.  they  suggest  that  tlie  theory  of  this 
formation's  origin  which  beat  meets  the  case  is  Eta  follows,  viz. : — As 
the  country  became  resubmerged,  and  as  the  valley  glaciers  retreated 
before  the  advancing  sea.  the  land-ice  of  the  mountain  districts  of 
North  Britain  accumulated  and  descended  into  the  low  grounds,  so 
that  by  the  time  East  Anglia  hod  become  resubmerged  to  the  extent 
of  between  300  and  400  feet,  one  branch  of  this  ice  had  reached 
the  borders  of  the  counties  of  Norfolk,  Suffolk,  Essex,  Herts,  and 
Bedford,  ploughing  out  and  destroying  any  Lower  Glacial  beds  that 
had  been  deposited  over  the  iiiterveuing  counties  upon  which  it 
i-ested,  and  over  which  we  ought  otherwise,  having  regard  to  the 
depth  of  the  earlier  submergence  nnder  which  they  were  accuma- 
lat«d,  to  find  them,  but  do  not.  The  Middle  Glaeial  formation, 
consisting  of  sand  and  gravel,  they  attribute  principally  to  the  action 
.of  currents  washing  out  and  distributing  the  moraiuio  material, 
which  was  extruded  on  the  sea-bottom  by  this  1  and -ice ;  that  ice 
itself  by  keeping  out  the  sea  over  all  the  country  on  which  it  rested, 
which  was  then  below  the  aea-level,  prcTonting  the  deposit  of  the 
Middle  Glacial  in  those  parts.  The  tennination  of  this  current 
action  was  accompanied  by  increased  submergence,  and  by  a  gradual 
retreat  of  the  land-ioe  northwards  to  the  rotinntain  districts,  until 
Britain  was  lefl  in  the  condition  of  a  anow-capped  archipelago,  from 
which  eventually  the  snow  disappeared  and  the  land  emerged.  To 
the  moraine  extruded  from  the  base  of  this  ice  and  into  deep  water 
ibey  refer  the  origin,  of  tha  U'^'g^i:  Gk«:iial  Clay,  the  niotaios 
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material  remaining  partly  in  the  position  in  which  the  ice  left  it, 
and  partly  lifted  by  the  bergs  which  became  detached  from  the  ice. 
Such  part  of  it  as  was  lifted  was  dropped  over  the  sea-bottom  at  no 
great  distance  from  its  point  of  extrusion,  and  in  that  way  the 
marine  shells  oocumng  in  a  seam  of  sand  in  the  midst  of  this  clay  at 
Dimlington  and  Bridlington  on  the  Yorkshire  coast  became  im- 
bedded, the  mollusca  whicb  had  established  themselves  on  the 
surface  of  this  moraine  material  having  been  thus  smothered  under 
a  lifted  mass  of  the  same,  which  was  dropped  from  a  berg.  The 
anthors  point  out  that  precisely  in  the  same  way  in  which  the 
Middle  Glacial  is  found  stretching  out  southwards  and  eastwards 
beyond  the  Upper  Glacial  Clay  in  Suffolk  and  in  Herts,  and  is 
succeeded  by  such  clay  both  vertically  and  horizontally,  so  does  the 
earlier  formed  part  of  the  Upper  Glacial  Clay,  or  that  with  chalk 
debris,  stretch  southwards  beyond  the  later  formed  part,  or  that  desti- 
tute of  fluch  debris,  and  is  succeeded  by  it,  both  vertically  and  horizon- 
tally. This,  they  consider,  shows  that  the  Middle  and  Upper 
Glacial  deposits,  which  constitute  an  unbroken  succession,  were  due 
to  the  gradually  receding  position  of  the  land-ice  during  their 
accumulation,  the  sequence  being  terminated  with  the  Moel  Tryfaen 
and  Macclesfield  gravels,  which  were  accumulated  during  the  dis- 
connexion and  gradual  disappearance  of  the  ice,  and  while  the  land 
still  continued  deeply  submerged. 


coi^ie.EsiPOisrzDEiTOE- 


INTERNATIONAL  GEOLOGICAL  CONGRESS. 

Sir, — The  activity  which  haa  prevailed  in  the  study  of  geology  within  the  past 
generation  has  given  to  it  a  great  importance  both  in  a  scientific  and  an  economic 
point  of  view,  and  has  resulted  in  a  large  accumulation  of  facts  and  materials. 
Workers  in  different  countries  have  however  pursued  their  labours  to  a  great  extent 
independently  of  each  other,  and  have  given  their  results  in  such  ways  that  it  is  often 
difficult  to  co-ordinate  them.  Those  geolo^sts  from  Europe  and  America  who  have 
been  at  the  International  Exhibition  at  Philadelphia  in  1876,  have  found  there 
important  coUections  of  geological  maps  and  sections,  with  rocks  and  organic  remains 
from  various  regions  of  North  and  South  America,  as  well  as  from  many  countries 
of  Europe,  and  they  have  become  deeply  impressed  with  the  great  advantages  to  be 
gained  by  their  comparative  study.  It  was  moreover  evident  that  the  bringing  to- 
gether of  a  still  larger  number  of  such  collections  in  accordance  with  a  pre\4ously 
arranged  plan,  conld  not  fail  to  lead  to  important  results  for  geological  science.  The 
International  Exhibition  to  be  held  at  Paris  in  1878  will  furnish  such  an  occasion, 
and  it  is  proposed  to  invite  to  that  end  governmental  geological  surveys,  learned 
societies  and  private  individuals  throughout  the  world,  to  send  to  Paris  such  collections 
as  will  make  the  geological  department  of  that  exhibition  as  complete  as  possible. 

In  order  to  take  advantage  of  the  collections  which  may  thus  be  brought  together, 
it  is  moreover  proposed  to  convoke  an  International  Geological  Congress,  to  be  held 
at  Paris  at  some  time  during  the  Exhibition  of  1878,  and  to  make  that  Congress  an 
occasion  for  considering  many  disputed  problems  in  Geology. 

In  accordance  with  tnis  plan  it  is  proposed  that  the  Geological  Department  of  the 
International  Exhibition  of  1878  shall  embrace  : 

I.  Collections  of  crystalline  rocks,  both  crystalline  schists  and  massive  or  eruptive 
rocks,  including  the  so-called  contact-formations  and  the  results  of  the  local 
alteration  of  nncrystalline  sediments  by  eruptive  masses.  In  this  connexion 
are  to  be  desired  all  examples  of  organic  remains  found  in  crystalline  rocks, 
inclndiog  Eozoon  and  related  forms.    These  collections  should  moreover  comprehend 
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g  Ac  ulenatMod  EdutitM*  is  1S7S,  fw  the  puipose  ot  geliiiifc  (ofeUur 
'  '  ~*  s^linx  of  manj  otun: 
.  AadOattotfaitC.. 
Pinf.  T.  H.  Hnxler  of  Eoeland,  Dr.  Otto  Tor«U  vt  S 
and  Dr.  E.  II.  vcn  Bnnmhaiipr  of  th*  Nrthrriands.  itlio  shiiU  be  ri'qne.-.lfd  U>  open 
iw^ffl-mtiiinj  in  Eripjpr.  l^wtins  M  a  full  tf  prtsentsriim  ni  Enmpear  jrfnI'iEi-ts  at  the 
pivjnp-t-l  CoQgiws.  llie  ^id  CinmniM^T  to  I'lin-i^l  .if  Pwi.  Williain  li.  U-itret*. 
Hes^.  James  Hall,  J.  W.  Dawson,  J.  S.  .Newberry,  T.  Sterrj  Hont,  C~  II. 
Bitchrock,  and  R.  PumpellT  in  behalf  of  the  Association,  with  the  addition  of  Prof- 
T.  H.  Hnilev,  Dr.  (Jttc  Toreli.  and  Dr.  E.  H.  Ton  Baninhaoer. " 

On  the  same  dav,  at  a  meeting  of  the  Committee,  l^f.  James  Hall  W8»  elected 
Chainniin,  and  Dr.  T.  Sterry  Hunt.  Sotretarr.  II  was  ih»n  re*jlred  to  prepare  the 
present  circnlnr.  to  be  printed  in  English,  I^rench,  and  Gennun,  and  dirtributed  to 
eeologiits  Ihronjhout  the  world,  asting  their  co-qperatjin  in  this  great  work  of  an 
International  Geolnpieal  Eihibition  and  an  Intcrautional  Geoloyiral  Con^ri^fa  to  be 
held  at  Paris  in  1878 :  the  precise  date  of  the  Conjrrcss  to  be  suteei|uentt]-  Qied. 

All  those  interested  in  this  project  are  iniited  to  eommnnicate  with  any  one  of  tb> 
following  mvmbera  of  the  Committee  : — 

Pbof.  T.  H.  Hi-XLET.  I.ondon,  Endand. 
Dr.  Ono  Torell,  Stoekholm,  Sweden. 
Dr.  E.  H.  tos  BiCMHirER,  Harlem,  Holland- 
Dr.  T.  Stbrrt  HtM,  Boston,  Mass.,  U.S  A. 
PHiLADlLi-Hia,  U.S.A.,  T.  STEKHT  HL'.NT,  Sterttary. 

Oct.  27(A,  1876. 

KEW  BRITISH  BRArHIOPODA. 
Sir, — During  a  recent  visit  to  Abbotsbury,  Doreetsbire,  I  obtained 
from  tbe  Upper  Corallian  red  ferruginous  rock  some  speciniens  of 
TerehTatida  iub»eUa,  Leymerie.  I  tliiak  this  species  has  not  been 
discovert'd  in  England  before.  The  other  Braciiiopoda  which  occur 
in  this  rock  are : —  Waldheimia  lampae.  Sow.,  Wa/dheimia  Dor$efe«nt, 
n.sp..  Rhynchonella  pinguie,  Eoemer,  =Bftjii.  coralUna,  Leym.  Theee 
Species  will  bo  figured  in  Mr.  Davidson's  Jurassic  Supplement. 

J.  F.  Walku. 
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DEVONIAN  AND  OLD  BED  SANDSTONE. 

Sib, — I  wish  to  call  attention  to  what  Mr.  Horace  Woodward,  in 
his  interesting  ''Geology  of  England  and  Wales/'  says  on  the  above 
subject  At  page  72  of  Mr.  Woodward's  book,  and  paragraph  at  the 
foot  of  the  page,  beginning  *'  Mr.  Etheridge  places  these  limestones," 
etc..  the  reader  will  notice  two  principal  points :  first,  the  probable 
oonformability  of  the  Culm-meiisures  on  the  Devonian  Limestones, 
and  secondly  that  the  Cockington  beds,  *'  similar  in  character  to  Old 
Bed  Sandstone,"  are  beneath  the  Limestones. 

Sir  H.  de  la  Beche  questioned  this  last  point  (see  page  72  of  the 
''Report"),  ..."  And  it  becomes  difficult  to  determine  whether  these 
Sandstones  are  higher  in  the  series  than  the  Torquay  and  Tormoham 
Limestones,  or  whether  we  may  consider  them  represented  by  the 
Bed  Sandstones  occurring  amid  *the  beds  inferior  to  the  Limestones 
which  extend  from  Meadfoot  Sands  to  Upham."  Dr.  Holl  went 
farther,  and  pronounced  them  higher  than  the^  Berry  Park  Slates, 
and  these  in  their  turn  higher  than  the  Limestone. 

Assuming,  however,  that  the  Cockington  beds  are  the  same  as  the 
red  beds  forming  the  heart  of  the  Torquay  peninsula  (and  the  Tor- 
quay geologists  do  not  appear  to  be  troubled  with  a  doubt  on  this 
score),  I  will  venture  to  add  a  rider  to  Mr.  Woodward's  paragraph, 
viz.,  that  "  Upper  South  Devon  Slates  "  are  a  fiction.  For  the  Cock- 
ington beds,  being  older  than  the  limestone,  wiU  become  inverted  as 
they  range  westwards  by  Beacon  Hill,  having  the  Wild  wood  and 
Berry  Park  Slates  conformably  between  them  and  the  Limestones, 
and  standing  in  the  place  of  the  main  mass  of  Lower  Slates. 

In  Dr.  HoU's  hypothetical  section  of  the  inversions  of  the  Kings- 
bridge  promontory  (page  438  of  his  Memoir,  Q.  J.  G.  S.,  1868),  as  I 
read  it,  to  whatever  dimensions  the  supposed  Upper  Slates  may 
swell  out,  he  yet  conceives  the  Red  Grit  Group  (d)  to  be  higher  still. 
May  the  Slates  be  the  Lower  Slates,  and  the  Ked  Grit  Group  lower 
stUl? 

Before  we  need  work  out  details  and  draw  boundary-lines,  it  is 
manifestly  of  the  utmost  importance  that  we  should  read  our  sections 
aright  The  Plymouth  Limestone  might  thus  occupy  an  inclined 
trough,  and  we  should  be  relieved  from  the  supposition  of  such  a 
rapid  thinning  out  as  must  be  the  case  if  it  be  intercalated  between 
two  slate  groups.  The  Sharkham  Point  Limestone  would  be 
similarly  circumstanced,  its  southern  outcrop  being  inverted. 

Speaking,  then,  in  very  general  terms,  grey  colours  and  slaty  rocks 
would  mantle  round  red  grit  areas,  and  on  the  other  hand  they  would 
surround  and  support  lines  or  oases  of  limestone,  these  being  fre- 
quently doubled  on  themselves  and  rarely  showing  their  true  summit.^ 
The  Limestone  is  occasionally  brought  into  abrupt  contact  with  the 
red  beds  by  faulting,  as  at  Kent's  Cavern  Coppice  on  the  north  side 
of  the  Lincombe  Hill. 

From  my  study  of  the  country  it  appears  to  me  a  necessary  con- 
sequence of  the  Cockington  red  beds  being  beneath  the  Limestones 

^  Peiliaps  among  the  highest  of  the  series  may  be  the  thin-bedded  Bed  Clymenia 
Limestone  of  Lower  Dunscombe,  near  Chodleigh. 
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tbftt  there  are  no  npper  slates.  Bat  this  ohvioualy  Tollows  ifthn 
ooiiTormability  of  the  Culm-ni assures  and  the  Limestones  be  adniitteil. 
as  the  Colm-meaBUreB  at  Ogwell  and  the  Berry  Park  Slates  ti 
Loventor  cannot  both  he  confonaable  oq  the  Great  Devon  Limp- 
Btoiie  ;  and  this  is  tantamonnt  to  allowing  that  the  slates  are  bcufarli. 

Ur.  Holl  saya  truly  that  the  organic  remains  of  the  Upper  Slaits 
of  Berry  iinmediat^ly  above  tlie  LimestoneG  dfl  not  appear  to  diffir 
froni  those  beneath  them.  This  is  so  far  in  favour  ut  Iheir  beia^ 
one  and  the  same  thing. 

Let  me  close,  however,  with  saying  that  until  within  the  Intt 
month,  I  held,  in  spite  of  many  perplexities,  the  same  views  wiili 
Dr.  Holl,  but  since  the  appearance  of  Jlr.  Woodward's  book.  I  (jniie 
think  that  he  lias  found  the  clue  to  unravel  the  country. 

Dabtcigtos  Hau.,  OeliJiTr  3U(,  1876,  •  A.   CaAMFE&KOVniK. 

EASPACTIRA  t.  MABPACTES. 
Sir, — Finding  that  the  generio  term  BarpaeUs  hag  been  appro- 
priated by  the  Ornithologist 8,  I  beg  leave  to  aubstidite  Hiir/oK-ii'ru 
for  the  fossil  £sh  described  iu  the  October  Number  of  this  Maoazise 
(p.  441).  Philip  Gbkt  Eoertos. 

FDBTHER  LOCALITIES  FOft  ACJXTHOSPOXGIA  SMITHII,  TOCSG. 

AND  ESTHERIA   DAWSOSI,  JONES. 

I       Sia, — ^Will  you  allow  me  to  give  one  or  two  further  localitiea  foi 

I  ihis  intereBtiiig  Corbooiferona  fosail,  desonbed  by  Hr.  J.  Todd^ 

at  the  late  meeting  of  the  British  Association  in  Glasgow.  A  nnmliet 
of  the  f=]iicule8  of  Aenntlioapouijla  Sinilhii  fsoe  Armstrong,  Young,  anil 
EoliM-tson's  Cat.  W.  Scotti.sh  Fossils,  IST'J,  p.  38)  have  been  pre- 
sented to  the  Survey  Collection  by  Mr.  Smith,  who  first  discovered 
the  fossil,  through  Mr.  J.  Beniiie,  from  the  typical  locality,  Gunning- 
hame  Bealand,  near  Dairy,  Ayrshire,  With  tite  aid  of  these  specimens 
I  am  enabled  to  state  that  it  occurs  in  the  No.  1  Limestone  of  the 
Calderwood  Series  (Lower  Carboniferous  Limestone  Group)  at  East 
Drumloch  Quarry,  near  East  Kilbride,  Lanarkshire ;  again  in  lime- 
stone in  the  railway  cutting  at  Waterland,  Lugton  Inn,  near  Dunlop. 
Ayrshire  ;  and  lastly  in  the  east  of  Scotland  at  one  of  the  Currielee 
Quarries,  Tyne  Water,  near  Borthwick,  Ed inl>urgh shire. 

When  collecting  in  the  neighbourhood  of  Dunbar  within  the  last 
month,  Mr.  J,  Bennie  hit  upon  a  bed  of  shale  in  the  Red  Sandstone. 
or  Lower  Group  of  the  Calciferous  Sandstone  Series,  at  the  base  of 
the  Carboniferous  system  in  the  East  of  Scotland,  containing  peculiar 
plant  remains,  a  number  of  modioliform  bivalves,  and  an  l^lheria, 
which  Prof.  T.  Eupert  Jones,  F.R  S,.  tells  me  is  scarcely,  if  at  all. 
to  he  distinguished  from  the  Nova-Scotian  Lower  Carboniferous  form 
B.  DavjBoni,  Jones.  K.  Ethebiuqe,  Jun. 

£llINBUtlOII. 

Wb.  J.  F,  WniTEAVKS,  F,G,S.,  formerly  of  Oiford.  England,  who 
for  thirteen  years  has  held  the  post  of  Scientific  Curator  and 
Secretary  to  the  Natural  History  Society  of  Montreal,  haa  been 
recently  appointed  Palieontologist  to  the  Geological  Sur^-ey  of 
Canada,  vacant  by  the  deaV\i  ot  Us.'£.  avftm^,  F-G-S. 
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